INDIAN 



LIBRARY 

New Delhi 


Call No. 


Indian Agricultural Research Institute (Pusa) 
LIBRARY, NEW DELHI-110012 


This book can be issued on or after 

Return Date 

Return Date 




Indian Agricultural Raaaareh 
Institute Library, New Dalhi 


1. Booksare Issuedfori4days,beyond 
It for next 7 days s fins of 16 pais* 
& aftsr wards 26 pais* par day shall 
b* chargad. 

2. Books may b* renewed at tha discre- 
tlon of th* Head Library Services. 

8. Oog-aarlng of pages of a book, 
marking of writing therein with ink or 
pencil, tearing or taking out its pages 
or otherwise damaging It will consti¬ 
tute an injury to a book. 

4. Unless a borrower points out the 
Injury at tha time of borrowing th* 
book, he shall be required to replace 
the book or pay Its price, If detected 
at tha time of return. 


HELP US TO KEEP THIS BOOK 
FRESH AND CLEAN 







Cereal Chemistry 

Published by the American Association of Cereal Chemists 


Editor in Chief 
Assistant Editor 
Managing Editor 


W. F. Geddks 
H. L. Harris 
R. M. Sandstedt 


Editorial Board: 


J. A. Anderson 
J. S. Andrews 
M. J. Bush 


G. Garnatz 
Betty Sullivan 
C. O. Swanson 


16194 

Ml 

IARI 


VOLUME XX—Nos. 1-6 
JANUARY-NOVEMBER, 1943 




Lancaster, Pennsylvania 
1943 - 


if V Q \ i. 



iANCASfER PRESS, INC, LANCASTER, P*. 



Cereal Ce & M&tRY 


Vol. XX JANUARY, 1943 No. 1 


ROSS AIKEN GORTNER 

1885-1942 

Cereal chemistry lost one of its most productive and distinguished 
votaries with the passing of Ross Aiken Gortner on September 30, 1942. 
Educated soundly in the* fundamental sciences as an undergraduate, 
and subjected to rigorous training as a graduate student in physical 
and organic chemistry, Dr. Gortner became one of the pioneers who 
really created the science of biochemistry. His associations with the 
staff of the Station for Experimental Evolution during the five years 
following the completion of his graduate study served to introduce him 
to the biological sciences. Such colleagues as J. Arthur Harris, Blakes- 
lee, and Davenport effectively e xpanded the scope of Gortner's scien¬ 
tific experiences to include the broad biological field. Moreover, this 
training was rigorous and intolerant of anything savoring of scientific 
inexactness. 

This was the background of education and experience that Dr. 
Gortner brought to bear upon his biochemical activities at the Uni¬ 
versity of Minnesota subsequent to 1916. In this environment it was 
inevitable that he should be confronted with problems in the cereal 
chemistry field w r hich challenged his interest. The result was a scries 
of studies supervised or engaged in by him which attempted to apply 
fundamental chemical and physical principles to the interests and 
needs of the cereal chemist and the cereal industries. A series of papers 
appeared in various scientific journals detailing the results of these 
scientific studies. In fact the first issue of Cereal Chemistry contained 
a paper from his laboratory 7 , and the March issue of the same \ r ear 
carried his description of the determination of flour viscosity', which 
precipitated as much activity in this field as any contribution of the 
period. A list of Dr. Gortner’s publications pertaining to cereal 
chemistry w r as published in a supplement to the November, 1942, issue 
of this journal, which describes the presentation of the Osborne Medal 
to him. This bears testimony' to the breadth of his interests and the 
significance of his contributions. 

As Chief of the Division of Agricultural Biochemistry for a quarter 
century, Dr. Gortner made the acquaintance of scores of scientists. 
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Many of these he came to know through his participation in the work 
of numerous scientific organizations. Others came to the University 
of Minnesota to meet this productive scientist in his own laboratory 
and to discuss problems of mutual interest. Still others began their 
advanced training in his Division, and pursued their early researches 
under his direction. He participated in the two short courses for 
cereal chemists offered at the University of Minnesota in 1923 and 
1924, in the extension course conducted at the same institution at the 
request of the Northwest Section of the American Association of Cereal 
Chemists in 1929-30, and in the Minnesota Institute of Cereal Chem¬ 
istry in February, 1938. In fact, no event of that nature held in the 
State would have been quite complete without him. 

Many honors and distinctions came to Dr. Gortner in recent years, 
among them the conferring of the Thomas Eurr Osborne Medal by this 
Association in May of this year. At that time his contributions to 
cereal chemistry and related fields were reviewed, and he was afforded 
an opportunity to present his philosophy of education and research. 
It was a timely presentation in these days of accelerated tempos of 
teaching and industrial investigations. For he emphasized and estab¬ 
lished from his experience and that of his students the soundness of 
programs based upon fundamentals, and necessitating adequate train¬ 
ing in the basic sciences. 

Dr. Gortner will be missed from many council halls and scientific 
groups. His interests were wide, and his contributions were corre¬ 
spondingly varied. Despite the distractions of these extensive tasks, 
he never lost the kindly and genuine personal interest which character¬ 
ized his relations to his colleagues and students, however. The recol¬ 
lection of this friendship, of the advice which he gave, and of the clear 
elucidation of his views and findings will remain as a happy memory 
in the minds of main men and women who profited from knowing him. 

<\ H. Bailfy 



A COLLABORATIVE STUDY OF RIBOFLAVIN 
ASSAY METHODS* 


John S. Andrews 

C.oncral Mills, Inc., Research Laboratories, Minneapolis, Minnesota 
(Read at the Annual Meeting, May 1U4. T ) 

The introduction of enriched flour and bread as commercial prod¬ 
ucts was accompanied by numerous problems, not the least of which 
was that of methodology. Laboratories concerned with production 
control and regulation were confronted with the necessity of deciding 
which assay methods could be advantageously and appropriately 
applied. This was not easy in view of the rather uncertain position 
occupied by many of the available methods for evaluation of the 
vitamin content of cereals. In recognition of this situation the Re¬ 
search Corporation, acting through Dr. R. R. Williams, has sponsored 
several committees for the purpose of collaboratively examining assay 
procedures. This report deals with the activities of the Riboflavin 
Assay Committee. 

This committee was organized on the occasion of the 1941 meeting 
of the American Chemical Society at St. Louis. It was comprised of 
nearly fifty individuals who had expressed interest in the problem 
and a desire to participate in its activities. Dr. F. E. Randall was 
appointed chairman, and he in turn selected six of the members to 
act as an advisory group on the selection of the* collaborative methods. 
Each member of the advisory committee was furnished with two 
samples and requested to assay them by methods employed in his 
laboratory One sample was a patent flour and the other the same 
flour containing added riboflavin. The collaborative method finally 
selected was to be chosen on the basis of performance with respect to 
these two flours. 

Before this preliminary study was completed, Dr. Randall, because 
of conditions entirely beyond his control, found it necessary to resign 
the chairmanship of the committee. At Dr. Williams’ request the 
writer agreed to take over this responsibility. The preliminary pro¬ 
gram was continued by assembling and examining the values reported 
by the advisorv committee* for the two flour samples. The assay 
methods employed w ere of two general types, fluorometric and micro¬ 
biological, several modifications of each being represented. Table I 
summarizes the microbiological data. 

• Each of the methods presented employed the Snell and Strong 
(1939) procedure in that it used the Lactobacillus casei organism. 


1 Paper No 45, Journal Series, General Mills, Inc., Research Laboratories. 
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TABLE I 

MICROBIOLOGICAL ASSAVS OF COLLABORATIVE SAMPLES EMPLOYED 

in the Preliminary Study or Methods 


( 'ollabo- 
rator 

I ; 

Method ! 

1 

Riboflavin content 

Patent 

flour 

Fortified 

flout 

A 

j Scott, Randall, Hessel (1941) 

figlR 

1 0.50 1 

HRlk 

2.82 

B 

! Snell and Strong (1939) , 

Andrews, Bovd, Terry (1942) 

0.40 | 

0.40 

! 0.90i 

3.00 

C 

Modified Snell and Strong 2 

Andrews, Boyd, Terry (1942) 

0.30 | 

1 60* 
2.90 

D 

Cheldelin and Williams 3 

0.32 1 

2.80 

E 

i 

Andrews, Boyd, Tpitv (1942> 

0.35 

3.27 

i 

Xverage 

0.35 

2.96 


Rocov t*r \ 
of added 
riboflav in 


mr/r 
2 32 
0.50 1 
2.60 
1.30* 


2.48 

2.92 

2.61 


1 Omitted from averages. 

5 Personal communication. Dr. R. V Sullivan 

J Personal communication. Dr V. H Cheldelin and Dr R R William* 


Modifications introduced either different extraction techniques or dif¬ 
ferent culture media. Examination of the data demonstrates that 
with one exception there is fairly good agreement on the sample of 
patent flour. If the value of 0.50 submitted by collaborator A is 
omitted the average riboflavin content is 0.35 dt 0.05 jug per gram. 
Thus most of the procedures might be considered acceptable. The 
values for the fortified flour arc* somewhat more* erratic. Two are 
obviously out of line, suggesting inadequacies of the methods employed. 
If these are omitted the flavin content ranges between 2.80 and 3.27 jug 
per gram and averages 2.96. The difference between the averages 
for the two flours is 2.61 or 13% less than the 3 jug per gram which 
was actually added to the patent flour. 

On the basis of these results the entire collaborative group was 
asked to make their assays on autoclaved, aqueous extracts which 
had been digested with takadiastase and filtered. Except for this 
modification the method of Snell and Strong (1939) was recommended. 
In addition the* collaborators were also asked to submit values obtained 
by an> other microbiological procedure with which they had had 
experience In this wav it was hoped that data for all the available 
methods would be accumulated and thus afford a comparison with a 
single, matuallv employed procedure. 

Three advisory collaborators submitted values obtained b\ fluoro- 
metric methods. Their results are summarized in Table II. 

The average values shown in Table II acre in very good agreement 
with those obtained microbiologically. The very small differences 
can readily be attributed to experimental error since even duplicate 
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TABLE II 

Kluoromeiric Assays of Collaborative Samples Employed 



in the Preliminary Study of 

Methods 



Collabo¬ 

rator 

Method 

I 

I 

i 

Riboflavin content 

Recover* 
of added 
riboflavin 

Patent 

flour 

Fortified 

flour 


! 

m/r 

m/r 

m/r 

A 

Hodson-Norris (1939) 

0.50 

3.04 

2.54 

B 

Conner-Strauh (1941) 

0.35 

2.70 

2.35 

C 

Combination of both 

0.26 j 

3.00 

2.74 


Average 

! 0.37 

i 1 

2.91 

2.54 


assays by a single procedure will not usually show such concordance 
of results. This observation encouraged a belief that both micro¬ 
biological and fluorometric methods were capable of satisfactory appli¬ 
cation to cereal products. 

Selection of the preferred fluorometric method by the committee 
was not easy to make on the basis of the submitted data, since the 
differences between the* results obtained by the three procedures were 
not regarded as significant. While the results reported by collaborator 
B for the patent flour agreed best with the average of all three col¬ 
laborators as well as the average microbiological value, the assays 
obtained for the fortified flour by A and C were closer to that calcu¬ 
lated from the amount of added riboflavin. If any of the methods 
possesses serious inherent weaknesses they are not detectable as far as 
the analyses of patent and riboflavin-fortified flours are concerned. 
Decision to recommend a combination procedure such as was em¬ 
ployed b> collaborator C was based on independent observations 
made in the assay of bread. As will be seen later this material yields 
extracts which present added problems in the fluorometric assay. As 
much as possible of the nonflavin pigments must be removed to avoid 
erroneously high values. The combination method appeared to be 
most effective for accomplishing this objective. This involved acid 
extraction of the sample, digestion with takadiastase, decolonization 
with permanganate and hvdrogen peroxide, and adsorption on “flori- 
hil.” The eluted riboflavin was determined by measuring the fluo¬ 
rescence before and after the addition of a known amount of riboflavin. 
The “blank" was determined by reducing the flavin with hvdrosulfite. 

The collaborators were asked to study this procedure and compare 
their results with those from the same procedure in which the per¬ 
manganate treatment was omitted. This was done for the purpose of 
establishing the behavior of the oxidation both as regards pigment 
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removal and possible destruction of riboflavin. In addition they were 
requested to submit values obtained by any other fluorometric method 
they might be regularly using. 

This represented a rather ambitious program, the complete fulfill¬ 
ment of which required considerable work on the part of the collabo¬ 
rators. The pressure of other activities together with interrupted 
schedules resulting from the war effort has prevented many from 
participating as they had originally planned. Twenty-three of the 
forty-eight collaborators found it impossible to make any contribu¬ 
tion, while many of the remaining group were able to submit only 
those results which they obtained from their regularly employed pro¬ 
cedures. Only a very few of the collaborators completed the collabo¬ 
rative program. For this reason this report is not as comprehensive 
a study of riboflavin methods as it was first hoped. It must be viewed 
not as the ‘Mast word ” on the present status of methodology but rather 
as a preliminary effort. Many of the points brought out in the present 
study need further examination and cannot be unqualifiedly accepted 
without more complete confirmation. 

The collaborative assays were carried out on three samples: whole 
wheat flour, whole wheat bread, and dried yeast. Considering that 
the work was being carried out primarily for examining methods 
applicable to the enriched flour program some wonderment might be 
expressed at this selection of samples. It would at first glance seem 
more logical to choose the two samples employed b> the advisorv 
committee, together with white bread containing some form of added 
riboflavin. The fortified flour, however, presented complications. 
This was brought out in the preliminary stud\ . Failure to obtain the 
theoretical result could be just as easily attributed to lack of uniform 
distribution of the added riboflavin as to errors in methods. In the 
case of the white bread this objection would be absent but another 
factor might militate against entirely trustworthy results. Riboflavin 
in white bread has been shown to be quite sensitive to decomposition 
by light (Andrews, Boyd, and Terry, 1942), and while this problem 
deserves consideration in any assay study it presented a complication 
which it seemed best to avoid in the initial program. Then too there 
appeared to be some advantage in comparing bread with the* flour 
from which it was made. Knowledge of the riboflavin content of the 
bread ingredients cculd be applied to an evaluation of the bread assays. 
For these reasons whole wheat products were chosen. It was felt 
that if methods were satisfactory for these products they would be 
equally satisfactory for the other materials. The sample of dried 
yeast was included largely as a control. Other collaborative studies, 
particularly that carried out by the A.O.A.C. (Kemmerer, 1941), have 
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indicated that a variety of methods are adaptable to this type of 
sample. 

In considering the collaborative results each of the three samples 
is taken up separately. The fluorometric and microbiological methods 
are divided into two groups: those recommended by the committee 
and those employed independently by the collaborators. No attempt 
has been made to keep separate the results reported by the individual 
laboratories, all data being consolidated in these divisions. In a few 
instances some of the assays have been omitted entirely either because 
they were obviously in error or because the collaborator failed to 
identify sufficiently the method he employed. In other instances 
assay values have been omitted in the tabulation but have been con¬ 
sidered in the discussion. This was justified on the basis that their 
inclusion would be misleading about the applicability of the other 
procedures. 

The data reported for the sample of w hole wheat flour are presented 
graphically in Figure 1. The histograms show the distribution of 
values, the open columns representing the microbiological, and the 
solid columns the fluorometric. No microbiological data are graph¬ 
ically included under “other methods” since only two assays fell in 
this group. 

Considering first the “committee’s methods,” a rather wide varia¬ 
tion is found in both the fluorometric and microbiological assays. 
Fluorometric values ranged from about 40% below to about 40% 
above* the average, while those obtained microbiologically exhibited 
similar tendencies. There is, howe\ er, a better grouping of the micro¬ 
biological data, and if the two values at the extreme right are omitted 
as being erroneously high, the agreement between the various analysts 
can be considered as fairly satisfactory. Due to these two values, 
however, the standard deviation is rather large and amounts to nearly 
20% of the average value. Despite this it is less than the standard 
deviation of the fluorometric values, which is 0.328. In view of the 
relativelv small number of assays this difference cannot be regarded 
as significant, and mathematically speaking neither method can be 
said to be superior to the other. 'Faking these variations into account 
it is interesting to note the close agreement between the averages. 
As determined microbiological!\ the flour contains 1.14 /zg per gram, 
while fluorometrically the value is 1.12 gg per gram. 

Fluorometric values shown under the heading of “other methods” 
were reported by seven collaborators, The methods represented in¬ 
cluded those published by Hodson and Norris (1939) and Conner and 
Straub (1941), together with two revealed in correspondence with Dr. 
Frcv of the Flcischmann Laboratories and Dr. Kishlar of the Ralston- 



COMMITTEE METHODS 


RIBOFLAVIN ASSAY METHODS 


\«l 20 



r»li . o '•aidv ol nboflaMA a"sa\ method' 



Jan , 1943 


JOHN" S. ANDREWS 


9 


Purina Company. The average of these values, 1.10 Mg per gram, is 
almost identical with that obtained by the “committee” method; but 
the agreement between laboratories is much better. It is believed 
that this observation cannot be used in judging the merits of the' 
methods but rather expresses the greater skill and experience of the 
analysts concerned. The standard deviation for these “other” fluoro- 
mctric methods is 0.074 and is significantly different from the value 
0.24 found by the committee procedure. 

The* two microbiological values obtained by the “other methods” 
were 1.32 and 1.22 jug l>er gram. The average of 1.27 is somewhat 
higher than that obtained by the committee method. One of these 
v alues was obtained by using an acid extraction instead of the aqueous 
procedure suggested by the committee. The other compensated for 
nonflavin growth factors by incorporating photolyzed alkaline extract 
of bread in the culture medium. To what extent these methods repre¬ 
sent improvements over that described by the committee cannot be 
decided on the basis of available data. 

The results obtained from the sample of whole wheat bread are 
presented in Figure 2. Once again only two microbiological values 
were reported bv the “other methods” and for this reason are not 
included in the histograms. 

Turning first to the assays obtained by the “committee’s methods” 
a rather wide v ariation in the results is again seen. The range of the 
lluorometric values is from about 30% below to 50% above the aver¬ 
age. The microbiological data vary only slightly less. Standard 
deviations are 0.543 and 0.361, respectiveh, but the difference is not 
significant for the small number of assays considered. There does, 
however, seem to be a tendenev toward greater uniformity in the 
microbiological procedure since 70% of the values reported can be 
considered to fall within a reasonable' experimental error. This is 
not true of the fluorometric results. 

The averages of the two typos of methods are in quite good agree¬ 
ment. The fluorometric v alue of 1.70 Mg per gram is only 6% higher 
than the* 1.60 Mg per gram found microbiologieally. While, except for 
the flour, no actual analyses were made of the bread ingredients, some 
indication of the probable correctness of the bread assays can be cal¬ 
culated. Of the other ingredients used, only the yeast contributed 
riboflavin. Assuming that this yeast contained about 20 Mg per gram, 
the 2% employed should increase the dried bread approximately 
0.4 mR per grain over the riboflavin content of the flour. This also 
assumes that no gain or loss of riboflavin occurred during the baking 
processes in accordance with the findings reported by Andrews, Boyd, 
and Terry (1942) and the Technical Committee of the Millers’ National 
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this sample are seen to be much superior to those 4 obtained for the 
cereals. This suggests that fewer difficulties attend its analysis. Both 
the fluorometric and microbiological procedures appear to be equally 
satisfactory since the averages are almost identical. The standard 
deviations, too, are very similar and represent no significant difference. 

Strangely enough the fluorometric values obtained by the “other” 
methods show less uniformity for the yeast than for the cereals. The 
assays vary plus and minus 35% from the average, an equal number 
falling on either side. The fact that the average of 57.8 is almost 
exactly the same as that found by the “committee’s method” suggests 
that no major source 4 of error is inherent. Discrepancies between 
laboratories must be attributed to variations in technique. One 
laboratory rejxjrted a very low value 4 not only for the yeast but also 
for the cereals. The analyst attributed his results to destruction of 
riboflavin by* the treatment with permanganate. This is not borne 
out, however, by the other collaborators since their values obtained 
with |>ermanganate decolori/ation were in good agreement with those 
obtained microbiologically. 

Microbiological values obtained by the “other” methods show 
better uniformity than the corresponding fluorometric assays. While 
there is but little difference between the averages, 56.7 against 57.8 gg 
per gram, there is less scattering. The standard deviation of 4.90 is 
significantly different from that of 11.5 for the fluorometric methods. 
On the other hand there is no significant difference between the “com¬ 
mittee” and “other” methods, either microbiological or fluorometric. 

On the basis of these collaborative findings no clear-cut decisions 
can be made about the question of satisfactory riboflavin methodology. 
It appears that several methods are capable of yielding analogous 
results, and since some of these differ quite radically in principle it 
seems probable* that the values are approximately correct. However, 
this conformity is not absolute proof of accuracy since several col¬ 
laborators reported essentially identical values by fluorometric and 
microbiological methods but did not agree with each other on the 
actual magnitude. For this reason more experience is necessary l>efore 
one or more of the methods can be given the final stamp of approval. 
Meanwhile the individual analyst must decide, on the basis of the 
available information and his own experience, just which method is 
most satisfactorily adapted to his own problem. Unfortunately ribo¬ 
flavin assays of cereals are not as readily confirmed as those for thiamin, 
where reliable animal assay s are available. While some information 
about biological values exists in the literature it is far from satisfactory 
in its unanimity and comprehensiveness. One of the present col¬ 
laborators attempted to apply a chick assay' method to the preliminary' 



14 


RIBOFLAVIN ASSAY METHODS 


Vol 20 


collaborative samples. He reported that the relatively low riboflavin 
content prevented any reliable evaluation either of the patent or 
riboflavin-fortified flour. 

A few additional points brought out in the collaborative study 
should be included in this report. In most instances they are observa¬ 
tions noted by one or more of the collaborators and are pertinent to a 
specific procedure. Thus/for example, two laboratories suggested 
that the use of permutit in the combined thiamin-riboflavin method 
of Conner and Straub (1941) resulted in a lowering of the riboflavin 
assays. Their data did not indicate whether this was due to adsorp¬ 
tion of the flavin on the zeolite or to improved clarification of the final 
extracts. 

Another observation dealt with the use of hydrosulfite. Here 
again several collaborators reported similar findings. Each noted 
that the addition of the recommended quantity of hydrosulfite was 
insufficient to reduce completely the fluorescence of the blanks in the 
nonpermanganatc fluoromctric procedure. Several times this quan¬ 
tity was required before successive additions produced a constant 
fluorescent reading. On the other hand, one collaborator indicated 
that when the permanganate oxidation was used the recommended 
quantity was entirely adequate. Since this amount of hydrosulfite 
is sufficient to reduce completely the riboflavin it is obvious that non¬ 
flavin, reducible impurities were present in relatively large amounts. 
Under such conditions it may be of advantage to use the Ilodson and 
Norris (1939) technique of carrying out a preliminary hvdrosulfite 
reduction before any fluorescence measurements are taken. 

Commenting on this subject, two collaborators reported that so¬ 
dium hydrosulfite produced a yellow color in the presence of pyridine- 
acetic acid. 'Phis could not be prevented by redistillation of the 
pyridine. The belief was expressed that this color adsorbed some of 
the blue incident light, thereby adversely affecting the fluoromctric 
readings of the blanks. This would account for the lower blank 
values obtained w r hen successiv e increments of hydrosulfite are added. 

One collaborator expressed the belief that methods employing 
pyridine should be avoided if possible, since the objectionable odor 
is a practical handicap to many laboratories. For this reason and 
also because the adsorption on llorisil prolongs the time required for 
analysis, he prefers some other procedure. 

Two collaborators employed methods which depend solely on 
permanganate for decolorization and hydrosulfite for determining the 
blank. They reported assay values essentially in agreement wath 
those yielded by the committee method, which combined the j>er- 
manganate and florisil treatments. 'Phis suggests that the use of 
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florisil may perhaps be eliminated for many types of cereal samples. 
Further study will be required, however, before such a procedure can 
be specifically recommended. 

One collaborator reported that the size of sample had a marked 
effect on the assay results. Smaller sample weights successively in¬ 
creased the riboflavin values until a maximum was reached. His 
data indicate that one-gram samples are more completely extracted 
than the five-gram quantities recommended by the committee. In 
the case of products which are relatively low in riboflavin, the use of 
florisil offers a convenient means for concentrating the eluates. Larger 
aliquots of the extracts can be passed through the florisil column, 
increasing the amount of adsorbed flavin. Rlution with the usual 
amount of medium yields eluates having appreciably increased fluo¬ 
rescence. By this method as little as one gram of patent flour can be 
satisfactorily assayed. This collaborator found that such a sample 
gave a value of 0.4.5 jug per gram in contrast to 0.3 /xg per gram ob¬ 
tained when 10 g of patent flour was used. The sample of whole 
wheat flour gave values of 0.8, 1.1, and 1.3 ^g per gram for 10-, 5-, 
and 1-gram samples, respectively. This observation may have an 
important bearing on the selection of riboflavin assay methods. 

That the effect of sample size is not confined to the fluorometric 
assay and is therefore probably an actual extraction problem was 
indicated b\ similar observations reported for the microbiological 
procedure. The same laboratory increased the riboflavin assays lO^t 
to 20 C (, by using 2L2-g ram instead of 10-gram samples. Lower sample 
sizes were not studied since microbiological assaxs cannot be obtained 
without concentrating the extracts 

Several collaborators reported value's obtained b\ the' original 
method of Snell and Strong. Their use of suspensions or untreated 
extracts vielded widelv varxing results. Values for the flour ranged 
between 1.1 and 4 3 jug per gram and for the bread, 2.0 to 8.0 peg per 
gram. The' xexist assaxs on the other hand compared favorably with 
those obtained bv other methods. The average of four assays was 
56 jug per gram. This is further confirmation that cereal products 
require special consideration. 

Two laboratories employed the* method described b\ Scott, Ran¬ 
dall, and Hessel (1041). This procedure, which requires long digestion 
with rclatixely large amounts of takadiastase and assay of the result¬ 
ing homogenized suspension, gave erratic results. For one collabo¬ 
rator it yielded a difference of 0.16 jug per gram between the bread 
and the flour. For another the same difference amounted to 2.05 jug 
per gram. 
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Another collaborator recommended that slightly improved accu¬ 
racy can be achieved in the fluorometric method if the galvanometer 
is adjusted to zero with the solvent blank before readings are taken. 

Several laboratories raised the question of the relative merits of 
aqueous vs. acid extraction in the microbiological assay. Some opinion 
was expressed, but no evidence was presented, that the use of acid 
resulted in more complete removal of riboflavin from the cereals. 
This problem needs solution, but the answer is not easily determined. 
Complications arise from the changed composition of the assay me¬ 
dium and make it difficult to decide whether the increased growth of 
the organism is the result of higher concentrations of riboflavin or of the 
presence of non flavin growth factors produced by the acid. This 
question requires further stud} A 

Two collaborators ref)orted that it might be desirable to add 
nicotinic acid or the amide to the culture tubes employed in the 
microbiological assay. Their data, however, are somewhat conflict¬ 
ing, since in one instance the reported improvement in the agreement 
between the different assay levels was in sharp contrast to the wide 
variance noted in the other. Xor were the average assay values re¬ 
ported for the flour and bread essentially different from those reported 
by the other collaborators. The merit of adding nicotinic acid or one 
of its biologically active derivatives cannot be adjudged from available 
evidence 


The Collaborative Committee’s Methods 

A complete description of the recommended procedures, together 
with a detailed discussion of the reasons for their selection, is best 
afforded in the two communications addressed to the collaborators. 
For this reason they are reproduced below. 

To the members ot the Research Corporation Collaborative Committee on Ribo¬ 
flavin Assay Methods for Cereals 

On October 14 the writer sent to each member ot the Committee a coimmmic a 
tion describing the program for the collaborative study of riboflavin methods for 
cereals and piomising that definite pr<x*eclures would bo recommended within a few 
weeks. The present letter describes these procedures and discusses some of the 
1 actors which led to their selection. 

As indicated earlier it is not anticipated that these methods will represent the 
last word in methodology since estimate perfection awaits the results of further 
research. Rather thev should be viewed as attempts to utilize present information, 
particularly with respect to the adequacy of knowm methods for the riboflavin assa\ 
of cereals hmphasb F placed on the cereal nature of the samples being examined 
since such products piesent problems which are not encountered in the assay of more 
concentrated materials. 

Selection of the mcthcxls herein described has takc*n into consideration the sev¬ 
eral methods already reported in the literature. The fluorometric procedure com¬ 
bines some of the principles employed by Hcxison ami Norris (J. Chem. 131: 

4 A recent paper presented b> I . M Strong and L. I£. t'ari renter belorc the 1942 meeting ot the 
Vmencan Chemical Society at Memphis recommends aud extraction followed by adjustment of the 
pH to 4,5, filtering: and ether extra*tion The latter step remove* fa.-soluble factors which influence 
grewth of the test organism as noted by Haucrnfcind, ‘-otier, and Boruff (1V41). 
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621, 1939) and Conner and Straub (Ind. Eng. Chem., Anal. Ed. 13 ; 385, 1941), 
while the microbiological procedure is that of Snell and Strong (Ind. Ping. Chem., 
Anal. Ed. 11 : 346, 1939^ to which has been added a detailed description of the 
preparation of the extracts. 

It is hoped that each collaborator who can possible do so wall analv/e the samples 
by both of these procedures. In addition it is requested that any other method 
familiar to the collaborator also be applied. Reports of the assay results should 
include a critical evaluation of the analyst’s observations together with any sugges¬ 
tions for improvements. Wherever possible Mich suggestions should be accompanied 
by evidence of their applicability. 

Decision to include the microbiological method in this collaborative study has 
been based on the relatively large number of laboratories wdiich are employing this 
type* ol procedure. Preliminary reports indicate that more than half of the 48 
collaborators will carry out microbiological assays For this reason it is important 
to examine this method collaboiativelv. 

While such products as yeast, dried milk, etc. can apparently be satisfactory 
assayed by the Snell-Strong procedure cereal products present a somewhat different 
picture Nonflavin factors are present in sufficient concentration to influence the 
growth ot the lactobacillus organism and adversely affect the assay results. Two 
general means of overcoming these factors have been suggested. One is a modifica¬ 
tion of the culture medium to compensate for these* I actors and the other is a treat¬ 
ment of the extracts to remove or inhibit their influence. 

Dr. Frey has kindly revealed a compensatory procedure which is lx*ing success¬ 
fully used in the Fleischmann Laboratories This employs an alkaline photo!) zed 
bread suspension which is added to the medium for both the unknown and reference 
standard Another method which is being studied in several laboratories increases 
the concentration of sugar in the medium above that originally proposed. A third 
method liemg examined in the writer’s laboratory involves the removal ot flavin from 
a portion of the cereal extract b\ adsorption on fullers earth or “florisd” and the 
addition of this extract to the riboflavin standards. 

Two procedures have been used for removing or inhibiting nonflavin factors. 
One ot these, described by Baucintemd, Sotier, and Bnrufl at the 1941 convention 
of the \mcrtcun Chemical Society, requires a preliminary solvent extraction for 
separating growth-stimulating tatty substances. The other reported bv Andrews, 
Bovtl and Terry* at the Atlantic City Convention and by Scott, Randall and Hessel 
(J Biol Chem 141 * 325, 1941) digests the sample with takadiastase during extraction. 

The method being presented to the collaborators descrilx*s the use of the enzy me 
treatment. This selection has been made primarily because it is simple to use, gives 
results comparable with those obtained fluoiometricallv and has been used quite 
successfully in several different laboratories \n> collaborator who is employing 
some other modification is urged to compaie it with this procedure 

Extraction is carried out in an aqueous medium since water appears to l>e as 
effective as dilute acids for removing riboflavin from cereals yvhen enzymatic degra¬ 
dation of the starch is employed. This avoids the necessity of subsequently neutral¬ 
izing the extracts and minimizes tin possible effect ot salts on the growth of the test 
organism A rather extensive comparison ot aqueous and acid extraction as applied 
to wheat flour and bread has shown that the use of water gives more uniform assay 
values. Acid extraction occasionally leads to erratic results which are higher than 
those obtained either bum aqueous extracts assayed microbiologieslly or acid ex¬ 
tracts measured fluorometrically The tact that aqueous and acid extractions give 
practically identical results bv the fluoromettie procedure suggests that the acid may 
promote the formation of noiiflavin factors which adversely affect the microbiological 
assay. 

'Autoclaving is recommended since experiments demonstrate that no measurable 
loss of riboflavin occurs in the presence of cereals. Less drastic heating, however, 
may lie equally efficient since a few experiments indicate that temperatures as low 
as 60°C in the presence of takadiastaso give the same assay values. It is not felt, 
however, that this observation has been sufficiently established to warrant recom¬ 
mendations at the present time 

The time of treatment with takadiastaso is kept to a minimum to avoid possible 
changes in riboflavin content which might result from the action of contaminating 
bacteria and excessive formation of sugar The effectiveness of takadiastaso appeals 
to be related to its liquefying action on starch rather than its saccharifying action. 
The digestion period recommended is believed to be adequate. Fhe quantity of 
takadiastase is rather small but is as efficient as larger amounts. All takadiastase 
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preparations apparently contain some riboflavin and where large quantities are used 
correction for this riboflavin content may become necessary. Hence, uncontrolled 
excesses should be avoided. 

It is important to note that clarification calls for filtration and not centrifugation. 
Filtered extracts consistently give more uniform assay values and are free from glob¬ 
ules of fat which, particularly in the case of bread, are frequently present in centri¬ 
fuged extracts. The use of filtration appears to offer a convenient means of avoiding 
fatty compounds which may interfere in the assay. 

The proposed method is as follows: 

A 5-gram sample of the whole wheat flour or bread is uniformly suspended in 
approximately 90 ml of distilled water using a 300 ml Erlenmeyer flask (see Note 1). 
This suspension is then autoclaved for 15 minutes at 15 lbs pressure. After cooling 
to about 50°C 1 ml of freshly prepared 6% takadiastase solution (see Note 2) is 
stirred in and the mixture allowed to stand for three-quarters of an hour. It is 
then transferred to a graduated cylinder and made up to 100 ml with distilled water 
Clarification is accomplished by filtering (see Note 3), the first 10 to 15 ml of filtrate 
being discarded. Aliquots of the filtrate arc assayed bv the method described by 
Snell and Strong (Ind. Eng. Chem., \nal. Ed. 11: 346 50, 1939) (see Note 4). 

All operations are carried out in a seinidarkened room (drawn window shades) 
and the suspensions and solutions are kept covered w’ith a black cloth except when 
being handled. 

Motes: 

1. Samples of flour tend to lump when mixed with water. Caro should l>c taken 
to insure the absence of large lumps prior to autoclaving. 

2. The product manufactured by Parke, Davis and Co. has lx*en found satis¬ 
factory in enzymatic activity and freedom from significant quantities of .riboflavin 
in the amounts recommended. 

3. Whatman No. 1 or No. 40 filter paper retains no measurable amount of 
riboflavin. 

4. Growth of the organism should be measured bv titration rather than de¬ 
termination of turbidity. The latter is influenced by cereal proteins which may 
precipitate during the fermentation. 

In reporting results the collaborators are requested to include all analytical dat.i 
( i.e . quantities of extracts used, titration values, etc.) and a copy of the standard 
riboflavin curve. Since the present collaborative study is directed particularly to 
the methods for cereals, no specific recommendations are being presented for the 
sample of dried yeast. A O.A.C. collaborative studies have demonstrated that 
microbiological and fluorometric methods give comparable results with this type ot 
product. With respect to the former procedure, extracts can be prepared by auto¬ 
claving suspensions in waiter and using them directly or by autoclaving with 0.1 A T 
HC1 followed by neutralization. T he writer l>eheves that clarity of the extracts 
may have some effect on the uniformity of assay results and for this reason suggests 
that filtration be employed. Also, acid extraction mav possess an advantage since 
filtration yields clearer extracts than when water alone is used. 

The fluorometric method which is being recommended has been devised to mini¬ 
mize the adverse influence of cereal pigments, especially those present in bread as 
the result of caramelization and dextrinization during baking. The quantitative 
removal of these pigments by chemical means is difficult and uncertain and it has 
appeared undesirable to present a procedure which relies solely on such processes. 
Similarly, physical methods for separating riboflavin from other pigments cannot be 
regarded as entirely effective. A combination of physical ( M florisil ” or “ supersorb ”) 
and chemical (permanganate) methods such as are employed by Conner and Straub 
(1941) is the most effective which has come to the writer’s attention. For many 
products this procedure appears to be entirely satisfactory. 

For the assay of bread, however, there are indications that the removal of non¬ 
flavin pigments may be incomplete, thereby introducing appreciable errors into the 
analytical results For this reason some modification is required at least for the 
bread sample which is being examined. 

The method introduced bv Hodson and Norris (1939) depends less on the separa¬ 
tion of nonflavin pigments than on techniques designed to compensate for their 
influence on the fluorometric observations. By measuring the fluorescence of ex¬ 
tracts before and after the addition of a known amount of pure riboflavin, the fluo¬ 
rescence of the unknown flavin is evaluated under the actual conditions of assay. 
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Then by adding hydrosulfite to completely reduce the riboflavin the “ blank ” of the 
cereal extract is obtained. Preliminary treatment of the extract with hydrosulfite 
followed by oxidation with air is carried out to strengthen the assumption that 
nonflavin reducible substances do not produce erroneous “blank” values. 

While this procedure has proved quite satisfactory for a variety of materials, 
some samples, particularly bread, have been observed where obvious erratic errors 
arc introduced. It has occurred to us that these errors might be modified by com¬ 
bining the purification method of Conner and Straub with tne fluorescence-measure¬ 
ment procedure of Hodson and Norris. Unfortunately, however, the permanganate 
decolorization with hydrogen peroxide is not easily combined with the treatment 
with hydrosulfite and for this reason purification has been confined to adsorption on 
“ florisil.” (This adsorbing agent is another name for the “ supersorb ” first described 
by Ferrebee in J. Clinical Investigations 19: 251-6, 1940. It can be obtained from 
the Floridin Company, Warren, Pa.) 

The use of such a method for the assay of bread has resulted in significantly 
lower values for the “blanks” obtained by the Hodson-Norris procedure and greater 
uniformity in replicate analyses. Breads containing known amounts of riboflavin 
have yielded values which are in quite good agreement with the theoretical. For 
these reasons the collaborators are requested to follow the details presented below 
and to compare their results with those obtained by other fluorometric procedures 
which they are regularly using. 

Simplification of procedure has been attempted wherever it appeared possible. 
No standard riboflavin curve is required since the assay results are calculated directly 
from the fluorescence readings and solid hvdrosulfite is used to avoid the inconveni¬ 
ence of preparing fresh, cold solutions. Careful control of the quantity of hydro¬ 
sulfite is unnecessary as long as the flavin is completely reduced (this is readily as¬ 
certained by observing the fluorescence change which occurs) and greatly excessive 
quantities are avoided. The latter is important since high salt concentrations may 
change the fluorescence properties of the “blanks.” 

In order to serve as a check on the concentration of the collaborators' solutions 
of pure riboflavin it was earlier planned to submit a solution of sodium fluoroscein to 
each member with the request that he or she report the fluorescence ratio between 
these two solutions. While fluorescein and riboflavin do not have identical fluo¬ 
rescence properties it was thought that the ratio between these two might afford a 
satisfactory comparison for evaluating the riboflavin standards. However, it is now 
known that filters, even when carrying the same identification marks and supplied 
by the same instrument maker, are not always sufficiently similar to justify such a 
procedure. Differences which give rise to 15% variations in the above ratios have 
already l>een observed. 

Accordingly, plans for this phase of the collaborative study have been dropped 
for the present. Each collaborator should use his own set of filters with the ex¬ 
pectation that small differences will not significantly influence the results 

As in the microbiological method precautions should be taken to prevent undue 
exposure to light. Assays should be carried out in a semidarkened room and ex¬ 
tracts and eluates kept covered with a black cloth when not in actual use. Filter 
paper should be checked to demonstrate its freedom from significant adsorptive 
properties. This can be conveniently checked by comparing the fluorescence of the 
standard riboflavin solution before and after filtration. The quantity of takadiastase 
used in the extraction has been reduced, for reasons presented above, to a minimum 
compatible with ease of filtration. Measurements of fluorescence should be carried 
out as rapidly as possible to avoid destruction of riboflavin. 

Details of the collaborative method are as follows: A 5-gram sample of the bread 
or whole wheat flour is autoclaved at 15 lbs pressure for 15 minutes with 50 ml of 
0. 17V sulfuric acid. After cooling to about 50°C, the suspension is quickly neutralized 
to a pH of approximately 6 with a 6,5% NasPOrU H 2 O solution (this requires 
approximately 12 ml). One ml of freshly prepared 6% takadiastase solution is then 
added and allowed to stand for three-quarters of an hour in the dark. After making 
up to a total volume of 100 ml, the mixture is filtered, the first 10 to 15 ml of filtrate 
being discarded. 

. A 20-ml aliquot of the filtrate is passed through a column (see Note 1) of florisil. 
After the 20-ml portion has completely passed through the column, the effluent is 
discarded and the column washed with 5 to 10 ml of hot distilled water. It is then 
dried by drawing air through the capillary end of the tube. The absorbed riboflavin 
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is then eluted with 15 ml of 20% pyridine in 2% acetic acid (set* Note 2), the eluate 
being collected in a 25-inl glass-stoppered graduate. It is then made up to a total 
volume of 20 ml with the pvridine-acetic acid solution and thoroughly mixed. If 
cloudy, this must be filterea before making fluorometric measurements. 

A 14-ml aliquot of this eluate is pipetted into the cuvette of the fluorophotometer 
(see Note 3), and the fluorescence (A) determined. Prior to this measurement, the 
light intensity of the fluorophotometer is standardized by means of a solution of 
sodium fluorescein (see Note 4). The concentration of this fluorescein solution will 
depend upon the purity of the sodium salt. A considerable variation has Ixtii found 
in commercial products. Concentration should be such that its fluorescence will be 
approximately the same as that of a solution containing 0.2 *ig/ml of pure riboflavin 
and will range somewhere between 0.025 and 0.1 j*g/ml. Adjustment of the light 
intensity is made by means of the iris to give a galvanometer deflection of 25 divisions 
(see Note 5). Light filters are 351 for the fluorescent light and a 511 -038 combina¬ 
tion for the incident light. 

Following the determination of the fluorescence of the eluate (A), 1 ml of solu¬ 
tion containing 1.5 /ug (see Note 6) of pure riboflavin in 20% pvridine-2% acetic acid 
is added to the contents of the cuvette with stirring and the resultant fluorescence 
(B) determined. A few crystals of solid sodium hydrosulfite (10 to 20 mg) are added 
and the solution stirred until the riboflavin color has been destroyed (or the hydro¬ 
sulfite dissolves). The fluorescence (C) is then recorded. 

The riboflavin content of the sample is calculated bv means of the following 
equation: 


A - 1.07C 
B — .93A 


X 0.1 


100 ml 
X - 

s ff. 


where the values 1.07 and .93 are dilution factors (see Note 6); A* B, and C are the 
galvanometer deflections in scale divisions; and 0.1, the concentration of the addl'd 
riboflavin per ml. 

Not f's.' 


1. The tubes containing thL florisil have an inside diameter of 6 mm, fitted at 
the lower end with a capillar> which, when the column contains approximately 1 
gram of florisil, gives a rate of flow through the column of about 1 ml per minute 
The top of the tube is belled to contain 15 to 20 ml of solution. The height of tin- 
actual florisil layer is approximately 2F£ inches. 

2. Mallinckrodt’s “Anahtical Reagent" nualitj pyridine has lieen found to 
be satisfactory without further purification. However, each collaborator should 
check his pyridine for fluorescence and if it is appreciable should purify by distillation. 

3. This quantity is recommended where the Pfalt/. and Bauer instrument is 
employed. Other instruments may require other quantities depending upon the 
capacity of the cuvette. 

4. Sodium fluorescein solution, Ix'cause ot its greater light stability is preferred 
to riboflavin solutions for standardizing the light intensity. 

5. Once again, this is bast'd on the Pfaltz and Bauer instrument. 

6. Where cuvette capacities require other than 14 ml of the eluate this con¬ 
centration should be adjusted to add an amount of riboflavin equivalent to 0.1 jig 
per ml of total solution. Similar volume corrections will lx- required in the “dilution 
factors” used for calculating the final results (15/14 * 1 07, 14/15 ** 0.93). 

Details of thi methods desrrilxxl should lx- carefulb followed to insure that the 
collaborators’ assays will be comparable from the standpoint of methodology. Re¬ 
sults of replicate analyses should lx* reported individually and include all fluorometric 
readings. Data derived from other methods are also requested in order to permit a 
comparison of the various procedures. 

SeverJ collaborators have raised questions about the condition ot the samples 
which they earlier reieived, expressing fears that storage may have changed the con¬ 
tent of riboflavin. If the samples have been stored under the conditions recom¬ 
mended in Dr. Frey’s letter of August 22 there should l>c no concern on this score. 
Unless unduly exposed to light or excessive moisture to produce mold the samples 
should be entirely satisfactory. Reserve supplies are available, however, and can 
be sent to any member who believes his present .simples are unsatisfactory. 

Sincerely yours, 

John S. Andrews 
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To the Members of the Research Corporation Collaborative Committee on the 

Riboflavin Assay Methods for Cereals 

On December 1 the writer sent you a description of the two procedures recom¬ 
mended for the collal)orative study of riboflavin assays. In discussing the fluoro- 
metric method bread was indicated as offering difficulties due to the presence ol 
excessive amounts of foreign pigments. The use of florisi! as a means of partially 
separating these pigments was descril>ed. It was pointed out that the treatment 
with permanganate followed by hydrogen peroxide, while not entirelv effective, jjave 
the best removal of interfering substances but that its use was not easilv combined 
with the subsequent measurements of fluorescence. 

At the time the procedure was being studied experiments were carried out by 
applying the permanganate oxidation prior to the adsorption on florisi 1. The re¬ 
sults did not appear to be very promising since low and erratic assay values w r ere 
obtained. We now recognize that this difficulty arose from our failure to properly 
consider hydrogen ion concentrations. 

Further study has indicated that when this is done the technique shows suffi¬ 
cient promise to justify your consideration in the collaborative program “Blank” 
values, while still higher than those of the reagents, are appreciabh lower than those 
obtained by the recommended procedure, and for this reason errors can l>e reduced 
to a minimum in “low potency” breads where foreign-pigment concentration is 
high in proportion to riboflavin. While the bread sample which was sent to you is 
not of the “low potency” type (relatively speaking) and for this reason not so sub¬ 
ject to errors, 1 believe >ou will want to try the procedure which appears to l>e more 
generally applicable. Accordingly I am describing it below. 

A 5- to 10-g sample of bread is suspended in 50 ml of 0.1 V sulfuric acid and auto¬ 
claved for 15 minutes at 15 lbs of pressure. While still hot 12 ml of 6.5 r c NasPO* 
• 12 H?0 is added and when the temperature reaches about 50°C. I ml of 6% taka- 
diastase is stirred in \fter standing about three quarters of an hour the suspension 
is made up (o KM) ml and filtered, the lirst 10-15 ml of filtrate being discarded. To a 
25-ml aliquot of the tdtiate is added 0.5 ml of glacial acetic acid and 1 ml of 4% 
potassium permanganate solution, \fter one minute 2 ml ol 5% hydrogen peroxide 
is added to decolorize the* excess permanganate. The total solution (28.5 ml) is 
passed through the column of florisil and after washing and dr\ mg the rilioflavin is 
eluted with about 20 ml ol 20% pyridine in 2% acetic acid. I'he eluate is made up 
to 25 ml w*ith the p\ ridme-acetic acid and a 14-ml aliquot is taken lor the fluorescence 
examination preuoush described. 

Since this procedure uses the same filtered extract as that described on page 10 
of ntv letter of December 1 and differs only in the introduction ol the oxidation 
treatment prior to adsorption on the florisil, both methods eai) be applied to the 
same solution. In order to demonstrate the influence of different amounts of foreign 
pigments on the final assay I am requesting each collaborator to carr\ out both 
procedures I l>elie\e that such a comparison will be quite instructive and add 
considerably to the value of the collaborative studv. 

Sincerely \ours, 

John S. Andrews 


Summary 

Microbiological and riuorometrio methods for the assay of ribo- 
flavin have been collaboratively studied. As applied to whole wheat 
flour, whole wheat bread and dried yeast, each of these two types of 
methods gave comparable assays. Various modifications of the micro¬ 
biological procedure yielded average values of 1.15, 1.65 and 58.4 /Ug 
t>er gram for the air-dried samples of flour, bread and yeast, respec¬ 
tively. Several types of fluorometric procedures gave the following 
corresponding averages: 1.11, 1.81 and 57.6 jig per gram. The major 
discrepancy apj>earcd in the case of the bread sample where incomplete 
removal of pigments is believed to interfere in certain of the tluoro- 
motric assays. 
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Despite the general agreement between the microbiological and 
fluorometric methods there is a wide range between the values reported 
by the individual analysts. All the methods studied showed this 
tendency, thereby adding to the difficulty of selecting the one best 
adapted to the assay of cereals. In general the microbiological pro¬ 
cedure gave somewhat better uniformity of results but fluorometric 
methods showed sufficient promise to justify equal consideration. A 
greater variety of procedures is offered by the fluorometric method, 
thereby extending the scope of investigations essential to its evaluation. 

The collaborative study has brought out numerous factors which 
influence the assay results. Particularly in the fluorometric procedure 
several experimental details, prerequisite to satisfactory performance, 
have been revealed. These factors are discussed in the light of the 
collaborators* comments. 
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Literature cited 

Andrews, J. S., Boyd, H. M., and Terry, D. E. 

1942 The riboflavin content of cereal grains and bread and its distribution in 
products of wheat milling. Cer. Chem. 19; 55-64. 



Jan . 104> 


JOHN S. ANDREWS 


23 


Andrews, J. S., Boyd, H. M., and Terr>, I). E. 

1942 Riboflavin analysis of cereals. Application of the microbiological method. 
Ind. Eng. Chem. (Anal. Ed.) 14 : 271-274. 

Bauernfeind, J. C., Sotier, A. L., and Boruff, C. S. 

1942 Growth stimulants in the microbiological assays of riboflavin and panto¬ 
thenic acid. Ind. Eng. Chem. (Anal. Ed.) 14 : 666-671 
Conner, R. T., and Straub, G. J. 

1941 Combined determination of riboflavin and thiamin in food products. 
Ind. Eng. Chem. (Anal. Ed.) 13 : 385-388. 

Hodson, A. Z., and Norris, L. C. 

1939 A fluoromctric method for determining the riboflavin content of food¬ 
stuffs. J, Biol. Chem. 131 : 621-630. 

Kemmerer, A R. 

1941 Report on riboflavin. Jour, of A.O.A.C. 24: 413 423. 

Scott, M. L , Randall, F. E., and Hessel, F. H. 

1941 A modification of the Snell and Strong microbiological method for de¬ 
termining riboflavin I Biol Chctn. 141 : 325-326. 

Snell, E. E., and Strong, F. M. 

1939 A microbiological ass.iv for riboflavin Ind. Eng. Chem (Anal. Ed ) 
11:346 350 


SOYBEAN AMYLASE. II. FURTHER PURIFICATION 
OF CRUDE SOYBEAN BETA-AMYLASE 
CONCENTRATES 1 

J. M. Newton , 2 R. M. Hixon, and X. M. Naylor 

Department of Chemistry, Iowa State College, Ames, Iowa 
(Recmed for publication June 22 , t942) 


In an earlier paper (Newton and Naylor, 1939), the preparation of 
beta-amylase concentrates from soybeans was described. Concen¬ 
trates so prepared have been utilized in studies of the comparative 
rates of amylase action on starches (Martin and Newton, 1938), in 
the preparation of the products of the digestion of starch by beta- 
amvlase (Martin, 1938; Martin, Naylor, and Hixon, 1939), to follow 
the modification of starch (Newton, Farley, and Naylor, 1939), and 
in studies on the fractionation of starch (Caldwell, 1941). These 
applications of the soybean amvlase preparation demonstrate the uses 
of the crude beta-amylase concentrates and indicate the value of 
further purification. This paper reports studies on further purifica¬ 
tion and the properties of the highly concentrated preparations. 

Preparation of Crude Beta-Amylase Concentrates 

The method of Newton and Naylor (1939), with slight modifica¬ 
tions, was utilized. The method involves the precipitation of amylase 
concentrates from water extracts with alcohol. Petroleum ether 
(bp 68°-70°C) was substituted for diethyl ether in extraction of the 

1 Supported in part by a grant from the Industrial Science Research Institute funds of It «va State 
College tor the study of soybean amylase. 

* Present address: Clinton Company, Clinton, Iowa. 
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oil from the ground beans Table I presents the results of several 
typical preparations. Three general statements apply to these amyl¬ 
ase concentrates: (1) With increased alcohol concentration the yield 
of precipitate increased. (2) The saccharogenic power of the amylase 
concentrates usually varied inversely with the \ield of the precipitate. 
(3) Those concentrates precipitated in greater M’clds and at higher 
alcohol concentrations were more soluble in water than the concen¬ 
trates obtained in lower \ields and at lower alcohol concentration. 


TABLE I 

Yilld Figlrls for Twllvf Crude Amylase Preparations 


Prepara 

tiou 

No 

1 Extrat ted 

I bean 

used 

i 

C oncentiate 
obtained 

\koliolic 
tomentra 
non for 
piet ipitation 

! 

Saccharo 
gemc 
power > 

1 

\in\lase 
units 

l 

\ If id 

i 


a 

£ 

- 1 c 

1 

i 

r 

i 

1 

500 

0 72 

65 

745 

536 

5.4 

2 

220 

1.05 

65 

990 

1040 

23.6 

3 

480 i 

2 45 

70 

1000 

2450 

24.5 

4 

500 

2.28 

70 l 

1209 

2750 

>7.5 

5 

500 | 

2.80 

70 | 

653 ! 

1700 

17.0 

6 

500 

3 91 

1 70 

512 j 

2000 

20 0 

7 

500 

12 45 

70 

1 219 

2730 

27 3 

8 

600 

2.13 

70 

1072 

— 


9 

600 

4 24 

70 

528 



10 

600 

3.74 

70 

455 



11 

600 

4 25 

70 

399 



12 

600 

1.20 

68 

753 




i 


1 Saccharogenu power m defined as the milligrams of maltose produced i*r milligram of amylase 
concentrate under the tonditions specified lor the determin ltion ot bet i uii>In activity (Newton 
and Naylor, 1930). 

* Amylase units art obtained by multiplying the saccharogenic power of the concentrate by the 
yield m grams 

3 The saccharogenic power of the extrac ted beans was 20 

xr t ‘gcxtjacted bean used) (20) (100) 

Yield in percent = - -- .. - -- - - . 

(g concentrate obtained) (sate harogenu powei of coiueutr itc ) 


Further Purification of Crude Beta-Amylase Concentrates 

Little or no success w^as obtained in attempts to further purify the 
crude beta-amylase concentrates when alcohol was list'd as the pre¬ 
cipitating agent. Dilute alcohol at room temperature* and higher 
alcohol concentrations at lower temperatures caused a marked de¬ 
crease in the acti\it\ of the amylase concentrates. This observation 
is in agreement with the quantitative measurement of the effect of 
alcohol and temperature* on the amylase of wheat as described by 
Blish, Sandstedt, and Mecham (1937). By the substitution of acetone 
for alcohol and by using as low temperature as convenient, consider¬ 
able purification was obtained. Even then the recovery of the active 
enzyme and the degree of purification were not as great as desired. 
Improvement in the concentration procedure was observed when the 
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dr>ing of concentrates was eliminated until the purification was com¬ 
plete. Purification was further increased by the incorporation of 
electrodialysis into the procedure (for description of electrodialyzer 
see Hixon and Martin, 1939). This process removed considerable 
quantities of organic impurities as well as inorganic salts. 

Therefore, in attempts to purify crude beta-amylase concentrates 
further, acetone was substituted for ethyl alcohol, temperatures were 
maintained at as low a level as possible, precipitates were not dried 
until purification was complete, and electrodialysis was used to remove 
organic impurities and inorganic salts. The flow r sheet for a typical 
preparation is given in Table II. The yields of beta-amvlase by the 


1 \BLE II 

Flow Shut tor jhl Phtparation of Beta-Xmvlasf Concintr\tis 
i row Soy hi a vs 


Moist crude beta-amvlase concentrate from 1000 g 
hexane extracted soybeans (saccharogenic activity 
of beans — 23 1). Extracted with three 80-mi 
portions of water 

Amylase solution f250 ml) 
electrodialvzed 1.8 horns 
1 

Amvlasc solution. r 

Acetone to 50% at — 5 C j 

\cetone to 60* J at — 5®C 
gave Ppt. Ill 
1 

Acetone to 75* /f at - S°C 
gave Ppt. IY 

i 

Solution evaporated to 
divness. Residue V 


Residue I 


Ppt. II 

Precipitate separated by centrifu¬ 
gal ion but not dried. 

Extracted six times with 20-inl por¬ 
tions 40% acetone. Residue VI. 

Solution evaporated to 20.5 ml at 
25°C. Acetone to 50% at -5°C 
gave Ppt. VII. 

Wetone to 60* /f at — 5°C gave 
Ppt. VIII. 

\cetone to 80% at — 5°C gave 
Ppt IX. 

1 

Solution evaporated to drvness. 
Residue X 


concentration procedure gi\en in Table II arc presented in Table III. 
As in 'ruble I, the \ield of en/\me is based on the am\lase units 
recovered in the various fractions and these results are shown in the 
last column of Table III. 

In the particular experiment for which the data are presented in 
Table III the total yield of amylase was 10.7%. This was somewhat 
lower than the percentage yields given in Table I for a series of crude 
soybean amylase concentrates. The lower yield in the experiment 
presented in Table II and Table III was due to several causes, the 
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exact contribution of each cause being undeterminable. Some of the 
contributing causes were mechanical loss in the manipulation of small 
quantities of the highly active concentrates; loss due to slight inacti¬ 
vation during electrodialysis, fractional solution, and fractional pre¬ 
cipitation; inactivation by the organic solvents; and the spontaneous 
inactivation of the amylase solutions which occurred during the long 
concentration procedure. 


TABLE III 

Total Yield of Beta-Amylase Concentrates by the Procedure 
Given in Table II 


Precipitate 

number 

Yield in 
grams 

Saceharogenic 

activity 

Amylase 

units 

I 

0.4205 

0 

0 

II 

0.7580 

0 

0 

III 

0.1883 

— 

— 

IV 

7.3390 

232 

1702.9 

V 

3.3065 

0 

0 

VI 

0.2021 

251 

50.7 

VII 

0.1066 

2260 

240.9 

VIII 

0.0661 

4580 

302.7 

IX 

0.0815 

2155 

175.6 

X 

0.0837 

0 

0 

Total yield in 

amylase units. 


2472.8 

Amylase units in 1000 grams extracted beans 

. . . 23,100 

Yield of amylase (as %) 


10.7 


From Table III it is evident that a large portion of the total amyl¬ 
ase recovered remains in precipitate IV which has an activity of 
only 232. An attempt was therefore made to concentrate this material 
further and to follow the yields of the enzyme. Different procedures 
based on fractional solution and fractional precipitation with acetone- 
water mixtures were employed. The best results were obtained by 
dissolving one gram of precipitate IV (Table III) in 30 ml of 50% 
acetone at room temperature. Complete solution required several 
minutes of continuous stirring. Upon cooling in an ice bath a small 
amount of solid material precipitated. This was collected by centrifu¬ 
gation, dried and preserved as precipitate A. The acetone concentra¬ 
tion of the solution at 0°C was raised to 53.5% to give precipitate B, 
to 65.5% to give precipitate C, and to 75% to give precipitate D. 
The centrifugate from D was then evaporated at room temperature 
to give residue E. The recovery of solids and the activities of the 
various fractions are presented in Table IV. These data show a 
5.5- and 10-fold concentration of the beta-amylase in precipitates A 
and B, respectively, with a 68% recovery of the total amylase. 

The recovery of amylase by this method was larger than shown by 
other data in the literature. For example Sherman and Neun (1919) 
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in studies on the purification of amylase were able to recover 13.5, 
19.76, 24.83, 24.95, and 27.81% of the amylase in five separate experi¬ 
ments. This compares with 60.8, 63.2, and 68.0% in three experi¬ 
ments with soybean beta-amylase concentrates. 

TABLE IV 

Products Obtained from the Purification of One Gram of an Amylase 
Concentrate with Saccharogenic Activity of 232 


Precipitate 

number 

Recovery 
of solids 

Saccharogenic 

activity 

Amylase 

units 

A 

K 

0.0184 

1248 

25.0 

B 

0.0383 

2310 

88.5 

C 

0.2987 

148 

44.2 

D 

0.2635 

0 

— 

E 

0.2188 

0 

— 

Totals .... 

0.8377 


157.7 

Amylase units in 

original starting material. 

232.0 

Recovery (%). 

83.8 


68.0 


Deterioration and Inactivation of Soybean Beta-Amylase 

Several dry beta-amylase concentrates were combined to give 16 g 
of material. The concentrate was stored in small screw-top vials 
containing about 2 g of the enzyme concentrate in each. At the time 
of combination the saccharogenic activity was 586, after five months 
it was 600, and after two years’ storage it remained at 600. This 
demonstrates the stability of the dry concentrate when stored in the 
ordinary refrigerator. 

Even at higher temperatures the enzyme is quite stable. Heating 
the ground soybeans for 10 days at 100°C did not completely inactivate 
the amylase. On the other hand, soybeans roasted commercially for 
sale as a confection contained no traces of an active amylase. In 
another experiment a portion of the soybean amylase concentrate was 
heated at 200°C for 30 minutes. This treatment completely destroyed 
the amylase. Thus the amylase is destroyed by dry heat at higher 
temperatures. 

The combined effect of organic solvent and heat was also investi¬ 
gated. A sample of soybeans which had been extracted in a con¬ 
tinuous extractor on a pilot-plant scale using trichloroethylene as a 
solvent, with the excess solvent being removed from the beans by 
heating at 100-130°C for 60 minutes, was tested for amylolytic ac¬ 
tivity. About 70% of the activity was destroyed. Another sample 
of soybeans, extracted commercially with hexane, had been heated at 
95°C for 30 minutes to remove most of the solvent and then with 
superheated steam to remove the last traces of the hexane. Tests on 
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this material showed complete destruction of the amylase. A sample 
of beans taken from this extraction process before exposure to the 
super-heated steam showed no marked decrease in activity. These 
experiments show that soybean beta-amylase is resistant to the action 
of organic solvents. However, if in removing these solvents tempera¬ 
tures above 100°C (in the presence of moisture) are used or if the 
exposure at 100°C continues over too long a period of time, the amylase 
is inactivated. 

Numerous reports in the literature (Sherman and Tanberg, 1916; 
Sherman and Sehlesinger, 1912, 1915; Ono, 1936; Ohlsson, 1926) show 
the marked rate of inactivation of aqueous solutions of amylase when 
held at or slightlv above room temperature. In fact, the Ohlsson 
method (1926) for the preparation of alpha-amylase concentrates is 
dependent on the differential inactivation of beta-amylase by heating 
at 70°C. In this procedure the beta-amylase of barley is destroyed 
by heating an aqueous solution of alpha- and beta-amylase at pH 6~7 
for 10 minutes at 70°(\ The same method was used (Creighton and 
Naylor, 1933) for the preparation of purified beta-amylase from wheat. 
That the beta-amvlase of sovbeans is not destroved at this tempera¬ 
ture is demonstrated by the fact that digestions of starch paste with 
this enzyme can be carried on at 76°-78°(\ For example, 10 g of 
cornstarch and 100 ml of water were heated to 78°C in a water bath. 
A warm-water suspension of soybean amylase was added, mixed thor¬ 
oughly and allowed to digest for 30 minutes at 76°~78°C. At the end 
of the digestion period the digest was heated to boiling, diluted, and 
reducing sugars determined on an aliquot. The determined maltose 
equivalent of 2.28 g represented over 70' \ of the maltose equivalent 
obtainable if the quantity of enzvme present could have acted on 
the starch under ideal conditions (40°C in 2% starch paste at pH 5.0). 

The rate of deterioration of soybean beta-amylase concentrate in 
aqueous solution was also investigated. Other investigations (Sher¬ 
man and Sehlesinger, 1915; Ono, 1936) have shown that the most 
highly purified concentrates deteriorate most rapidly. This was not 
observed with soybean beta-amylase. Samples of six of the most 
active concentrates prepared were dissolved in distilled water and 
allowed to stand at room temperature. Figure 1 presents the results 
of this study. The most highly purified concentrates used in preparing 
solutions VIII, IX, and X retained 79%, 76%, and 62% of their 
respective activities after standing 34 days at room temperature. On 
the other hand the three less highly purified concentrates, I, III, and 
VII, were inactive after 30 days. The reason for the greater rate of 
deterioration of the least highly purified concentrates is not definitely 
known. The small variations in the method of preparation of the 
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concentrates do not account for the observed differences. A more 
satisfactory explanation probably lies in the degree of purification, 
the more highly purified concentrates containing smaller quantities of 



Kir. 1. Rate of detet rotation of soybean bcta-amylasc in aqueous solution at 25~30°C. Con 
rrntration of solutions. I, III—10 mg in 50 ml; VII—9.2 mg in 10 ml; VIII—16.4 mg in 50 ml; IX-* 
16 3 mg in 50 ml; X—15.6 mg in 50 ml. 


substances that are subject to bacterial action, this bacterial action 
either destroying the enzyme or producing substances which inactivate 
the enzyme. This explanation is suggested by the observation that 
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after standing for 8-10 days a marked putrefactive odor existed in all 
solutions except sample IX. At no stage was any marked odor ob¬ 
served in this solution. At the end of two weeks a considerable 
growth of organisms was evident in solutions I, III, and VII, a slight 
but distinct cloudiness was observed in VIII and X, while solution IX 
remained water clear throughout the experiment. A preservative was 
not used in these solutions because of the possible deleterious action 
on the enzyme. 


Summary 

In the several preparations of soybean beta-amylase described the 
dry concentrate contained from 17% to 27% of the extractable beta- 
amylase present in the original soybeans. 

A method is given for further purification of the crude soybean 
beta-amylase concentrates. The most concentrated preparation pro¬ 
duced 4,580 times its weight of maltose in 30 minutes at 40°C. 

The concentration procedure has been applied to low-activity 
materials with satisfactory concentration and recovery of the beta- 
amylase. 

The deterioration and inactivation of soybean beta-amylase has 
been investigated. 
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A COLLABORATIVE STUDY OF METHODS FOR THE 
DETERMINATION OF AMYLASE ACTIVITY 1 

Allan I). Dickson, Chairman 

Division of Cereal Crops and Diseases, U. S. Department of Atrriculture 2 
fRi.ul at the \nnual Martins, Ma\ t‘>42» 

Last yi^ar's Committee undertook, as a part of its activities, a 
stud\ of methods for the determination of alpha-amylase. The results 
of this study were rather unsatisfactory since only three laboratories 
submitted data, and one differed from the others in extraction proce¬ 
dure. Fairly good agreement was obtained between two laboratories 
with the Sandstedt, Kneen, and Blish (1939) dextrinizing procedure 
and with the Jozsa and Johnston (1935) viscometric method. The 
agreement with the Blom and Bak (1938) method was unsatisfactory. 
Within laboratories the correlation of data obtained by the three 
methods on the six malts was very high, indicating that all methods 
were measuring the same thing. 

In a joint collaborative stud} with the Subcommittee on Diastatic 
Power of the American Society of Brewing Chemists, the Committee 
this year undertook a study of available methods for the determination 
of specific components of the amylase system of malts. 

Experimental 

Six samples of malt, selected for their range in diastatic power, 
were submitted to 18 laboratories. All laboratories were requested to 
determine diastatic power by either the Fehling’s titration or ferri- 
cyanide modifications. Other methods studied by some of the collab- 

i Report of Malt Analysis Standardization Committee (1941-1942). 

* Stationed at Madison .Wisconsin. 
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orators were: (1) Kneen and Sandstedt (1941) measure of saccharifi¬ 
cation, (2) Sandstedt, Kneen, and Blish (1939) method for alpha- 
amylase by a dextrinization procedure, and (3) Blom and Bak’s 
(1938) and (4) J6zsa and Johnston’s (1935) viscometric methods for 
alpha-amylase. 

The two methods from the Nebraska Station were used as pub¬ 
lished, except that extraction of the malt was carried out with 5 g per 
100 ml for 1 hour at 30°C instead of 1 g per 100 ml. In the dextrini¬ 
zation procedure a uniform sample of beta-amylase, kindly supplied 
by Wallerstein Laboratories, was used in the preparation of the sub¬ 
strate instead of the recommended hard wheat flour extract. 


Presentation and Discussion of Data 

The submitting: of samples was delayed by the difficulty of obtain¬ 
ing a satisfactory source of beta-aim lase. Therefore most of the data 
submitted were on diastatic power and on the Nebraska methods, 
which require somewhat loss standardization than the viscometric 

CABLE I 

Coi.IABORMIYI I)VTV ON DlASIUIC PoYV l R 



Malt 

1 | 

Malt 2 

Malt 

* 1 

Malt 4 1 

Malt S ' 

Malt 6 

Collab¬ 








i 





orator 









i 


l 


No 


Mr . 


Mg 


Mg 

! 

Mg 


Mg 


Mr 



nul 

n \ 

mal 

n 

inal j 

f i 

mal 


dial 

rt l 

mal 



tose 


to*** 



i 

tOM 


tos< 


lose 

P 

78.1 i 

313 

116.6 

I 467 

140.3 

561 

155.1 

620 

182.1 

7291 

1 191.8 

768 

2 2 

78.0 

312 

108.0 

432 

122.0 

488 

142.0 

568 

162.0 

648 

• 172.0 

688 

3 l 

75.7 

303 

i 102.8 

411 

127.5 

510 

148.8 

594 

164.8 

659 

! 174.9 

700 

4» 

82.9 

332 

1 109.0 

436 

132.0 

528 

152.0 

608 

173.5 

694 

! 182.0 

728 

5 1 

80.0 

320 

1 106.0 

I 424 

128.5 

5141 154.0 1 

616 

166.0 

664 

1 181.5 

726 

6 l 

79.5 

318 

110.5 

442 

135.0 

540 

150.5 

602 

172.0 

688 

186 5 

746 

V 

86.3 

345 

118.0 

472 

146.4 

586 

165.0 

660 

191.0 

764 

197.7 

791 

8 1 

75.6 

302 

104.4 

418 

127.8 

511 

144.9 

i 580 

161.1 

645 

| 171.9 

688 

9 1 

78.7 1 

315 

109.6 ! 

439 

134.5 

538 

352.2 

609 

168.1 

671 

182.2 

729 

10 1 

81.0 

324 

113.0 I 

! 452 

137.0 

548 

153.0 

612 

178.0 

712 

183.5 

734 

IP 

81.7 

327 

114.5 1 

458 

136.6 

546 

150.5 

602 

168.7 

675 

180.7 

723 

12 2 

84.0 

1 336! 110.0 1 

440 

131.0 

524 

151.0 

604 

166.0 

664 

179.0 

716 

13' 

83.3 

333i 92.2 i 

369 

124.3 

497 

138.0 

552 

165.0 

660 

173.9 

696 

15* 

86 0 

544 

116.0 

464 

137.0 

548 

154.0 

616 

168.0 

672 

182.0 

728 

16 2 

79.1 

I 316 

110.2 

441 

134.5 

538 

149.0 

596 

179.1 

716 

191.3 

765 

17 2 

82.0 

1 328 

121.0 

484 

141.0 

564 

158.0 

632 

171.0 

684 

189.0 

756 

M 3 

80.7 

| 323 

110.1 

441 

113.0 

534 

151.1 

604 

171.0 

684 

182.5 

730 

SDbD 4 

1.66 

i ~ 

1 47 


1 49 

- 

2.71 

- - 1 

2.60 

— 

1.67! 

— 

CVbD* 

? 06 

1 

1.34 

- 

1 12 

- 

1 82 

- 

1 1.52 

—- 

1 0.92 

— 

SDbL 6 

3.H 

1 

6.26 

- 

, 6.14 

i ~ 

, 5.96 


8.05 

- 

7.21 

- 

CVbL 7 

3 88 

1 - 

5.72' 

4.62 

1 

l 

3.96 


, 4.71 

- 

3.95 

- 


1 Ferncvumde modification used for diastatic power 
- Fehling’s modification used for diastatic power 
* Mean. 

4 Standard deviation between duplicates. 
u Coefficient of variability between duplicates 
" Standard deviation between laboratories. 

7 Coefficient of variability between laboratories. 
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methods. The results obtained with the diastatic power are presented 
in Table I. The Kneen and Sandstedt saccharification activities and 
calculated beta-amylase values are presented in Table II. Means of 
duplicate determinations, standard deviations, and coefficients of 
variability between duplicates and between laboratories are also given. 


TABLE II 

COLLABORATIVE I)ATA ON SACCHARIFICATION ACTIVITY ANI) BETA-AMYLASE 

Units by ihf Kneen and Sandstedt Method 



Malt 1 

1 Malt 2 

1 Malt 3 

Malt 4 

Malt 5 

^ Malt 6 

('oliuiMiratur 










| 

1 

- 

No 

Mk 

Beta- 

Mk 

i Betu- 

Mb 

Beta- 

1 Mir 

1 Beta- 

1 Mk 

! Beta- 

Mk 

Beta- 


ImaltoHCi amvl- 

maltose 1 amvl- 

maltose 

amvl- 

.maltose amvl- 

maltose 1 am> 1- maltose 

amvl- 


l>er 

a sc 

)>er 

I ase 

per 

asc 

|K*r 

ase 

l»cr 

) ase 

1 per 

ase 


| of) ml 

units 

50 ml 

units 

50 ml 

units 

50 ml 

! units 

50 ml 

units 

50 ml 

units 

1 

133 1 

87 

101 3 

12 5 

llti 8 

14 8 

115 8 

15 2 

135 1 

18.4 

151 3 

19 b 

2 

135 b 

8 5 

94 5 

11.9 

102.8 

12 9 

112.4 

14 4 

134.9 

18 0 

147.8 

18.7 

3 

114.5 

7 2 

74 () 

88 

98.3 

12 1 

105 8 

13 8 

1198 

15 9 

143.2 

18.2 

I 

127 0 

S 1 

84 8 

10 b 

103 5 

13 1 

117.5 

15 3 

135.0 

18 1 

145.5 

18.3 

5 

1211b 

8 2 

89 1 

110 

113 7 

14 2 | 

130 4 

16.9 

138.6 

18 5 

150.1 

18 4 

b 

129 3 

S 7 

89 3 

11 8 

111 S 

14 7 ( 

, 125 5 

167 

127 1 

17.2 

137 0 

18.0 

7 

12b 5 

7 9 

88 1 

10 9 

114 5 

14 3 

123 2 

160 

136 7 

183 

150 5 

18.5 

N 

127 3 

8 0 

83 9 

10 0 

100 6 

12 4 

109 0 

13 9 

1216 

16 1 

142.7 

17 7 

9 

127 1 

84 

95 2 

12 4 

114 2 

no 

131 3 

178 

139 6 

19 1 

153 5 

20.1 

12 

139 0 

9 1 

88 2 

11.1 

1109 

14 1 

126 5 

16 6 

143 9 

19 3 

150.2 

19 0 

n ! 

131.2 


93 3 

— 

110 9 


126 2 

— 

145 3 

— 

154.5 

— 

17 ! 

130 2 


9(18 


mo 

— 

127.0 


136 0 

— 

lb4.5 


\i> 

129 2 

S3 

89 4 

i n i 

109 4 

13 8 

121 0 

15 7 

134 5 

17 9 

149 2 

18.7 

SDbl) ’ 

3 21 

0 23 

3 17 

0 49 

384 

0 59 

2 73 

0 35 

394 

060 

4 34 

0 67 

r\b!) 

2 4b 

2 77 

3 55 

4 41 

3 >3 

4 28 

2 27 

2.23 

1 2.93 

3 35 

2 94 

3 58 

SDbL 4 

! b 07 i 

“ 50 | 

b o7 

1 0S| 

1 0 10 

0 09 

S 16 

1 29 

7.92 

1.09 

5.02 

0.70 

r\|>I/’ 1 

1 4 70 

6 05 

7 47 

9 73 1 

1 5 (ill 

7 17 

6 78 

8 22 

5 90 

609 

1 3 40 

3 74 

DI* °L/m« maltose .*>0 ml | 

1 24 i 


l 21 


1 23 


1 27 


129 

_ i 

124 

“ 


1 Mean 

* Standard deviation ltctwwn (lupin ate*. 

Coefficient of variubihtv l*tween duplicate 
4 Standard deviation between lalmratoric* 
•'Coefficient ofvarmlnlitv tot ween latoratoru\s 


The data submitted on the three alpha-amvlase methods are given 
in Table III. The statistics were calculated only for the dextrinizing 
method. 

Considering diastatic power and the Nebraska methods, the varia¬ 
bility between laboratories is greatest for the alpha-dextrinizing 
method, although the variation between duplicates is of about the 
same order as for the saccharification method. This might easily 
have been caused by lack of standardization in the procedure of making 
color comparisons in differen t laboratories. The opinion was expresset 1 
by several collaborators that the variation in both of the Nebiaska 
methods, which was greater than with the diastatic jx)wer method, 
could be reduced by extracting a larger quantity of malt. This modi¬ 
fication might profitably be applied to barley malts, where the quantity 
of hull material is high. From the data it appears that the Nebraska 
methods warrant further study, with perhaps certain modifications and 
greater standardization of procedure. This is especially desirable 
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TABLE III 

Collaborative Data on Three Methods for the Determination of 

Alpha-Amylase 


Collaborator 

Malt 1 

Malt 2 

Malt 3 

Malt 4 

Malt 5 

Malt 6 

No. 

Alpha-amylase units 

— Sandstedt, Kneen, and Bltsh dr xtr ini tine method 

t 

29.0 

49.3 

58.3 

48.1 

42.0 

68.6 

2 

29.1 

49.9 

54.2 

54.1 

50.5 

76.8 

3 

31.0 

50.0 

57.5 j 

49.9 

46.9 

71.1 

4 

31.3 

45.2 

53.0 

51.9 

47.2 

78.4 

5 

33.1 

50.6 

61.9 | 

59.1 

50.6 

89.3 

6 

21.8 

35.6 

45.8 I 

46.9 

42.7 

56.5 

7 

35.0 

49.9 

61.9 1 

55.7 

50.5 

89.4 

8 

33.1 

54.9 

58.2 1 

54.1 

46.9 

80.0 

9 

24.3 

I 40.7 

47.3 ; 

44.0 

41.5 

68.6 

12 

31.0 

1 47.0 

! 55.0 | 

53.0 

52.0 

78.0 

14 

23.0 

| 36.7 

44.0 1 

43.6 

40.6 

61.3 

M* 

29.2 

46.3 

54.3 ! 

50.9 

46.5 

74.4 

SDbD 2 

0.94 

1.62 

2.36 i 

1.90 

1.97 

2.03 

CVbD 3 

3.22 

3.50 

4.35 , 

3.73 

4.24 

2.73 

SDbL 4 

4.18 , 

5.88 

5.93 1 

4.69 

3.98 

9.82 

CVbL 6 

14.32 J 

12.70 

10.92 I 

9.21 

8.56 

1 

13.20 



Alpha-amylase units— 

-Blom and Baft method 


1« 

61.0 

79.0 

113.0 , 

111.0 

! 93.0 

137.0 

9* | 

1 72.4 

103.8 

129.1 

124.1 

124.6 

I 177.6 

14* ! 

1 76.2 

121.5 

137.5 i 

133.5 

| 128.0 

| 188.0 

I 7 

34.1 1 

44.1 

63.1 [ 

62.0 

52.0 

76.5 

4* 

33.3 ! 

48.9 

54.7 J 

46.2 * 

51,4 

81.0 

9® ! 

40.6 , 

61.9 

72.3 1 

68.4 | 

65.9 

i 98.9 

12® 

42.2 , 

60.5 ; 

79.9 | 

72.2 1 

72.4 

115.2 

14 7 

42.6 j 

67.9 j 

i 

76.8 

74.6 | 

71.5 : 

1 

105.0 


Alpha-amylase units, hquefons per gram—J6z\a and Johnston melhenl 

4 

236 i 

362 [ 

453 i 

l 

416 i 

393 j 

570 

14 

l 

221 

394 j 

i 

415 

413 , 

356 ! 

676 


1 Mean. 

* Standard deviation between duplicates. 

* Coefficient of variability between duplicates. 

4 Standard deviation between laboratories. 

* Coefficient of variability between laboratories. 

* Viscometer standardized against 45% by weight of sucrose solution 

7 Data from Collaborators 1 and 14 adjusted by ratio of 1.79 obtained from data o t i ollaboiutor 9 
using both procedures. 

•Viscometer standardized against 45% by volume (45 g per 100 ml) of sucrose solution. 


since these methods are more suited to routine application than the 
viscometric methods. The ratios of diastatic power to malt sacchari¬ 
fication values on the six malts indicate the same close relationship 
between these two factors, as shown by Kneen, Beckord, and Sand- 
stedt (1941). 
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The limited amount of data on the two viscometric methods was 
not sufficient for a good evaluation. As a result of an error in trans¬ 
lation of the original Blom and Bak method, different-strength sucrose 
solutions were used for standardization of the viscometer. This re¬ 
sulted in values of different magnitude. By using viscometers stand¬ 
ardized against sucrose solutions of 45% by weight and 45% by 
volume (45 g i>er 100 ml) for the determinations on the six malts, 
a relatively constant ratio which averaged 1.79 was found between the 
values obtained with the two viscometers. The data of Collaborators 
No. 1 and No. 14 were obtained with viscometers standardized against 
45%-by-weight sucrose solution. These values were calculated to the 
other standardization using the above ratio and are given in Table II. 
The variation between laboratories is still much too high and further 
study of this method would be desirable. 

Only two laboratories reported results obtained with the J6zsa and 
Johnston method. The agreement is fairly good for most of the malts. 
It is evident that the viscometric procedures give reliable results only 
in the hands of experienced operators, and even there the variation is 
too groat. A comparison of these procedures in a smaller number of 
laboratories which are experienced in their use and on a larger number 
of samples would be a better method of evaluation. 

In view of the above data the committee recommends that the 
various methods for alpha- and beta-amylases be submitted to further 
study, with the purpose of determining the cause of variability in 
results and of modifying the procedures to give better agreement 
between laboratories. 
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REPORT OF METHODS COMMITTEE ON THE DETER¬ 
MINATION OF IRON IN CEREAL PRODUCTS 

B. Sullivan, Chairman 

Russell-Milier Milling Co., Minneapolis, Minnesota 
('Road at the Annual Meeting. Ma> lb42) 


Five samples each of unenriched Hour, enriched flour, bread, and 
whole wheat were sent to eleven laboratories for collaborative work 
on iron determination. Eight laboratories replied, and the results are 
summarized in Table 1. 

Complete details of a method were outlined in the directions sent 
to collaborators. This method was essentially that outlined by 
Andrews and Felt (1941). The regular ashing of the samples at 550° - 
600°C plus the use of hydrochloric acid for the solution of the ash was 
specified, as was also the use of platinum dishes. Porcelain dishes 
have proved equally satisfactory. 

Sample No. 2, which was Sample No. 1, a short patent, enriched 
with 6 mg of ferrum reductum per pound of flour, is not included in 

TABLE I 

Dmfrmination <>i* Iron Coni km in Ciricu. Products 
(Moisture on the “as is” basis) 


1 

1 


Sample 3 - 1 

! 

Sample 4 l * 



Sample 1 

| No 1 enriched 

bread from 

Sample 5 - 

Collaboi.itor \o. 

unenuched 

i with 6 mg pei lb 1 

No 1 enriched 

whole wheat, 


short patent 

Fe as sodium 

with 6 mg pet lb 

fine granu 


dour | 

! iron pvro- 

oi ferrmn 

lation 

I 


phosphate 

reductum 


1 

1 

mg lb 

mg lb 

mg lb 

mg lb 

1.. . | 

3 3 

! 9.1 

11.3 

19.9 

2 - 

3.3 

9.1 

11.5 I 

19.4 

3 . 

3,7 

9.1 

11.4 ! 

21.5 

4 . . 1 

3.7 

9.0 

12.0 1 

29.0* 

5 . 

1 2.6 

7.2' 

! 10.0 

15.8* 

6 — Ashing at 

1350%. . 

3.5 

10.2" 

i 

17.0* 

19.4 

1100°F 1 

2..V 

9.4* 

15.3* 

I 19.2* 

7— Regular ashing . 

| 3.4 

3.6* 

| 9.1* 1 

14.5 s * 

Alkaline ashing 
(NaOH). 

i 

.1.4* 

14.1 11 

i 

i 14.2* 

20.4* 

8—Regular ashing 

; 4.8 

9.1 

11.1 

I 17,2 

Sodium carbonate 



1 

1 


fusion 

i 4.i* 

10.8* 

; 14.2* 

21.4* 

Average .. 

3.4 

9.1 ; 

,,.2 j 

19.5 


♦Staired results were omitted from the averages. They were either too far from the average 
results obtained on the alkaline treatment used in some laboratories (Collaborators No. 7 and No. 8) 
or were duplicates done m a different manner (No. 6). Results by the alkaline treatment of the 
sample were also omitted merely to keep the variables at a minimum. 

* Bread was made from a straight dough with 2% yeast, 2% salt, 5% sugar, 3% dry skim milk, 
3% shortening, and 0.25% yea9t food. AH results were higher than the theoretical based on the iron 
content of flour owing probably to additional iron contributed by other ingredients such as the yeast 
food 
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the summary. Directions were sent to each collaborator asking that 
this sample be sifted through a wire screen before analysis. Since 
some collaborators did not follow these directions, it was felt that this 
flour should be excluded from the report, although the range in iron 
content found was no greater than in the other samples. Every effort 
was made by thorough mixing and repeated sifting of samples to 
insure uniformity and equal distribution of iron in cases where iron 
was added. 

From our own experience as well as from the comments and results 
of individual collaborators the main difficulty seemed to be in the 
preparation of the samples for analysis and in the ashing and solution 
of the ash rather than in the determination itself. 

Two collaborators reported significantly higher results on alkaline 
fusion with NaOH or Na 2 C0 3 . In the instance of one collaborator 
using alkaline fusion as well as the regular ashing in platinum, sulfo- 
cyanate was used to develop the color rather than a, a'-dipyridyl. 
This collaborator reported results significantly higher on alkaline ash¬ 
ing than by the regular procedure on all except Sample No. 1. Another 
collaborator reported results by the procedure outlined as well as 
with the use of 0 -phenanthroline for color development. This labora¬ 
tory also reported results with a sodium carbonate ashing in silica 
dishes. Results by the latter method were significantly higher and 
also higher than the average figures. 

One laboratory reported as follows: “Due to the burning out of 
the rheostat on the furnace the first set of samples was ashed at 
1350°F (730°C) rather than at U00°F (593°C). Ashing at 1350°F 
gave consistently higher results than ashing at the lower temperature 
of 1100°F.” 

Other than the above departures, all other chemists followed the 
method as outlined. So far as we are aware, all laboratories used 
some type of electrophotometer for color comparison. 

Results were disappointing and it is felt that most of the dis¬ 
crepancies arise from the preparation of the samples for analysis. 

Before there was such general interest in the iron content of flours, 
our own laboratory had run many determinations on wheats and 
milling separations. We were never able to find any loss of iron under 
the conditions used in ashing. Samples were always ashed in an 
electric muffle at 600°C overnight and the ash dissolved in acid (either 
nitric or hydrochloric). In the paper previously cited, Andrews and 
Felt (1941) state that in using overnight ashing at 575°C there is no 
evidence of any loss of iron in flour or breads. 

After the results reported in this collaborative work were received, 
we checked a sample of flour with added iron prepared by direct 
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ashing as well as the same sample prepared by Na 2 COs treatment of 
the flour prior to ashing. Identical results were obtained by both 
methods. 

On the other hand, Hoffman, Schweitzer, and Dalby (1940), on the 
basis of their work on cereal products, believe that an alkaline ashing 
procedure is essential to secure complete recovety of added iron. 

The agreement between results of collaborators is unsatisfactory. 
Since samples were sent only to laboratories having excellent reputa¬ 
tions for analytical work, there must be some condition in ashing or 
in the solution of the sample in hydrochloric acid which is encountered 
in some laboratories and of which we are not aware. A few points in 
this regard may be mentioned. Porcelain dishes have proved equally 
as satisfactory as platinum. It is imperative that dishes used for 
ashing in the preparation of the sample for iron determination not be 
used for any other purpose during the time such determinations are 
being made. When, on occasion, we have used our platinum crucibles 
for ashing mixed feeds, for instance, the flour or bread samples ashed 
in these dishes gave erratic results even though before use the crucibles 
had been thoroughly cleaned with boiling HC1. In order that’all the 
iron go in solution from the ash, boiling in HC1 should be continued 
a few minutes with special precautions taken to see that no spattering 
occurs. Incomplete solution of the iron in the ash and loss by spray¬ 
ing during boiling are frequent reasons for low results. 

The results have not been statistically analyzed since it was felt 
that the number of collaborators was too small. Only the averages 
have been shown. It is apparent that further collaborative work 
should be done on checking the iron content of cereal products since 
there are some still obscure reasons why more concordant results have 
not been obtained among laboratories. This is true even of un¬ 
enriched short-patent flour and whole-wheat flour to which nothing 
was added. 

It is recommended that collaborative work on the measurement of 
iron be continued with particular emphasis on the ashing and prepara¬ 
tion of the sample solution. It would be advisable to send with the 
flours or bread a solution of known iron content. 
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DESCRIPTION OF MIXOGRAMS 1 

C. O. Swanson and John A. Johnson 

Kansas Agricultural Experiment Station, Manhattan, Kansas 
(Received for publication June 20, 1942) 

With the increasing use of the National Swanson-Working record¬ 
ing dough mixer in the study of wheat and flour quality problems, 
a need exists for a simple diagram which may be used both in describing 
curve characteristics and in correlating these characteristics with 
baking and other quality measurements. This paper deals with pro¬ 
posed descriptive diagrams. The correlations with other quality 
measurements will follow in future papers. 

A diagram that gave the meaning of the characteristics of curves 
obtained on the recording dough mixer was presented by Swanson and 
Clark (1936) together with typical curves obtained from flours of 
well-known wheats. The same diagram with curves was also shown 
by Swanson (1937). These curves were obtained on the first model 
of the recording dough mixer (Swanson and Working, 1933). The 
curves made on that first model differ from those obtained on the 
National Swanson-Working mixer mainly in mixing time, since the 
rate of movement of the chart paper of the former machine is only 
one-third that of the latter. Curves made on the first model of the 
Swanson-Working micro-mixer were presented by Larmour, Working, 
and Ofelt (1939). A simple diagram was used by Johnson and Swan¬ 
son (1942) in tabulating data from mixograms made on the National 
Swanson-Working recording dough mixer or mixograph. A simple 
plan was also given by Shellenberger (1940). 

The wide variations in curves obtained from flours of different 
wheats were shown by Swanson (1939). He also gave a short r£sum6 
of the development of recording dough mixers as well as a discussion 
of the meaning of some curve characteristics. A more complete treat¬ 
ment of the development of dough mixers together with diagrams for 
the interpretation of curves has been made by Bailey (1940). 

In order to be practical a diagram must be simple to construct 
yet comprehensive enough to furnish a basis for description and inter¬ 
pretation. Such diagrams are presented in Figure 1. The upper t&o 
curves or mixograms are from Tcnmarq flours and the lower two are 
from Chiefkan flours. The two mixograms on the left are from high- 
protein and the two on the right are from low-protein flours. The 
five main characteristics of a mixogram are: (1) the degree of the 
incline or developing slope, (2) the time to reach the maximum height, 

t Contribution No. Department of Milling Industry. 
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I ig 1 Mixogram diagrams 


(3) the magnitude of this height, (4) the degree of the decline or weak¬ 
ening slope, and (5) the angle made by the developing and weakening 
slopes. Others may be used, such as the general width of the mixo- 
gram, especially at the top and last part of the weakening slope. 
Moreover, the area under the mixogram to optimum consistency may 
be used to indicate cnerg\ input, but for the present these charac¬ 
teristics are not included. 

The line DO is drawn in the center of the developing slope and the 
line OW in the center of the first part of the weakening slope. From 
the intersection of these two lines, 0, is dropped the perpendicular 
line II. Also through the point 0 is drawn the horizontal line TON, 
extending toward the left to the arc on which the mixogram originates 
and toward the right a convenient distance. 

The line DO is more simple to draw on mixograms like the two 
upper than on mixograms like the two lower. More consistent meas¬ 
urements will be obtained if the lines DO and WO are begun in the 
center of the upper parts of the developing and weakening slopes. 

The line TO measures the approximate time in minutes and tenths 
required to develop a dough to maximum consistency or minimum 
mobility. The mixograms in the diagram were made with a mixing 
rate of 98 rpm, and the chart paper moved at such a rate that approxi¬ 
mately one minute was required for the pen to pass from one arc to 
another. If smooth or a differently ruled chart paper is used, the 
horizontal space over which the pen moves in one minute must be 
established. The line 110 gives the height in units of the chart. This 
is divided by horizontal lines into ten major units, each of which is 
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divided into five. Thus any distance from the bottom of the chart to 
the point 0 may be read in parts of 100. 

The height of the mixogram is determined primarily by the protein 
content and secondarily by the water absorption of the flour. The 
amount of absorption influences the stiffness of the dough and hence 
the degree of torque given the bowl by the movements of the pins 
through the dough. This torque registers the resistance of the dough 
to the process of mixing and is mostly influenced by the protein or 
gluten content. The process of mixing presumably develops the pro¬ 
tein into gluten strands or fibrils and arranges these in a three-dimen¬ 
sioned, continuous network in the dough. The quantity of protein 
determines the density of this network, and the quality determines the 
strength of the gluten fibrils. Quality is, however, more readily re¬ 
vealed in the other mixogram characteristics and hence is only a minor 
factor in mixogram heights. 

The angle DOT indicates rate of dough development and hence is 
called “development angle.” This, as well as the other angles in this 
diagram, is measured in degrees. The magnitude of angle DOT will 
be negatively correlated with the mixing time. If the complimentary 
angle DOH is used, the correlation will be positive. 

The rate of development as shown by the angle DOT is not neces¬ 
sarily the same as the time of development indicated by the line TO 
since the time required to reach the top of the mixogram is determined 
not only by the slope of the line DO but also by the height //. Thus 
mixograms may have little or no variation in the degrees of angle 
DOT , but vary greatk in the magnitude of lines TO and OIL 

Resistance to the movement of the upper pins starts almost imme¬ 
diately as is shown by the rapid swing of the pen away from the lower 
edge of the chart. As soon as the Hour particles make contact with 
water, wet gluten develops. The to-and-fro movement of the record¬ 
ing pen starts as soon as the gluten forms. The rate of wetting differs 
in flours as can be seen by comparing the upper two mixograms in 
Figure 1 with the two lower. The to-and-fro swing of the pen is not 
due to the elastic properties, but to the plastic, since such a movement 
may be obtained from a mixture of starch and water as has been shown 
by Markley (1937). 

The range of mixing tolerance is measured by the angle DOW 
formed between the developing line DO and the weakening line WO . 
The slower the rate of development and the rate of breakdown of the 
dough, the larger will be this angle. Large angles, DOW , like the two 
upper curves of the diagram, indicate much wider range in tolerance 
to mixing than the smaller angles of the two lower curves. 
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The rate of dough weakening is measured by the angle WON 
formed by the slope of the weakening line WO and the horizontal line 
ON. The last half of the mixograms of many of the flours are concave 
and others are more nearly straight. The first part of the weakening 
slope is the most significant and hence the line WO is drawn in its 
center. The rate at which the dough breaks, indicated by the slope 
of the line WO, is related to the variety and the protein content. 
In low-protein flours the angle WON will be smaller than in high- 
protein flours of the same variety. But with the same protein content 
the angle WON will vary in different varieties. 

Since the sum of the three angles is 180 degrees, it follows that their 
magnitudes are interrelated. Particularly is the magnitude of DOW 
inverse to the magnitudes of DOT and WON. 

There are several other characteristics which could be included in 
the mixogram diagram, but these are seemingly of secondary impor¬ 
tance. The general width of the mixogram depends so much on the 
spring tension and viscosity of the oil in the shock absorber and its 
adjustments that it has little meaning beyond what can be seen by 
inspection and comparisons of mixogram types. The width of the 
mixogram at the point 0 tends to increase with larger amounts of 
protein. 

The rate and amount of narrowing of the down slope has consider¬ 
able significance since these are mostly variety characteristics. In 
some varieties this narrowing is much greater than in others and in 
most cases it is inverse to the protein content. As a rule the narrowing 
is negatively correlated with the weakening angle WON. 
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EFFECTS OF MOISTURE ON THE PHYSICAL AND OTHER 
PROPERTIES OF WHEAT. II. WETTING 
DURING HARVEST 1 

C. O. Swanson 

Kansas Agricultural Experiment Station, Manhattan, Kansas 
(Read at the Annual Meeting, May 1942) 

A previous investigation (Swanson, 1941b) showed that wetting 
wheat, either before or after threshing, lowered the test weight and 
decreased the vitreous condition. Since test weight and vitreous 
appearance (in contrast with bleached and mealy appearance) are two 
important factors in grain grading, exposure to rain during harvest 
seriously affects the grade. The decreases in test weight, however, 
did not produce correspondingly lower flour yields. The baking values 
also did not correlate with the commercial grade nor with the extent 
of the wetting treatment. An explanation was given of the physical 
changes that take place. 

Samples from Millers and Farmers 

Advantage was taken of the latter part of the harvest of 1941 in 
Kansas, which was unusually wet, to study the effects of wetting on 
the physical and other properties of weathered and nonweathered 
wheat. Samples of wheat were obtained from millers and farmers, 
34 from the former and 51 from the latter. Two samples were solic¬ 
ited from each one with the request that one sample Should represent 
wheat which had received little or no wetting during harvest, and 
that the other should be wheat that had been exposed to considerable 
rain with consequent bleaching and lowering of test weight. A fine 
response was received. Some farmers were able to send only one, but 
several sent more than two. 


Tests Made 

The samples were put through the laboratory wheat cleaner, and 
test weights determined. Test-weight data, together with 75-g sub¬ 
samples, were sent for official grading to Mr. Martin Schuler of the 
Kansas City office of the Federal Grain Inspection Department. 
Mr. Schuler’s report is included in Tables I and II. 

The internal texture of the grain was studied by using a barley 
kernel cutter which cuts 50 kernels at a time so that the exposed 
sections can be observed. Counts were made of cut sections that 
appeared distinctly mealy or vitreous. Those which did not fall in 

‘ Contribution No. 84, Department of Milling Industry 
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Samples of Soft or Red Wheat 

vl) 1874 , Douglas I 1RW — — 62.7 | 65.1 , 1.80 I 30 , 51 19 104 1 9.6 65.0 0.36 

(2) 1875 | “ 1 1RW — — 61.1 62.1 I 1.01 0 0 100 93 9.3 68.4 0.32 

(2) 1876 ' “ I SGRW — 68.7 57.5 60.2 I 1.34 2 2 96 88 9.1 68.8 0.47 

(2) 1883 “ t 3RW — — I 56.1 59.3 2.02 | 15 57 28 166 I 11.7 74.1 0.43 
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either of these two classifications were counted as semivitreous. By 
making counts in duplicate and adding, the numbers were expressed 
as percentages. 

Fifteen-hundred-gram portions of each sample were scoured in the 
experimental scourer and then milled on the Buhler mill 2 to obtain 
percentages of flour. Flour ash was determined in order to check on 
the milling operation. Test weights taken before and after scouring 
gave data on losses from weathered bran coats. The scouring losses 
are only partially indicative, since these also include broken kernels. 

The flour samples were also analyzed for moisture, protein, and 
diastatic activity. The absorptions used in making the curves on the 
recording dough mixer were calculated from the protein and the 
moisture |>ercentages. On the basis of dough-mixer-curve character¬ 
istics and other data, 28 samples of flour were selected for baking tests. 
In selecting these samples it was planned to have in each pair one 
unweathered and the other weathered. 

Grain Grades, Test Weights, Texture Percentage, Protein 
Percentage, Milling Data, and Diastatic Activity 

The milling and analytical data on the samples received from the 
millers are given in Table I. Similar data on samples obtained from 
farmers are shown in Table II. The origin of the samples is given by 
counties (or Kansas City), and for a few of the farmers* samples the 
variety is also given. The test weights of the cleaned wheats were 
used in grading. The data in Tables I and II were arranged in the 
order of decreasing test weights, with those for nonweathered samples 
in the first group and those for the weathered in the second group of 
each table. The classifications “nonweathered” and “weathered” 
were made according to the information given by the donors of the 
samples. 

On the basis of test weights the two groups merge into each other. 
The average of all the test weights of the nonweathered samples from 
the millets was 4 pounds higher than for the weathered samples. For 
the farmers’ samples, this difference w^as 3.6 pounds. Most samples 
had no damage and only a few' had over 1%. While more samples 
among the weathered w r heats had some damage, there were also a few* 
among the nonweathered that had slight amounts of damage. 

The percentage of vitreousness as determined in grain grading 
varied greatly within the different groups. A few samples among the 
nonweathered group had as low vitreous percentages as some of the 
samples among the weathered group. The average of the vitreous 

* Credit is due Mr. Don E Fleming, student assistant for making the milling tests. 
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percentages of the nonweathered samples from millers was twice as 
great as that of the weathered samples and for the farmers* samples 
almost twice as great. 

Since the figures for numerical grades are so largely dependent on 
test weights it follows that the grades of the nonweathered and the 
weathered samples should overlap as did the test weights. By far 
the larger portion of the nonweathered samples fell into the No. 1 
grade, however, and the larger portion of the weathered samples fell 
into the No. 3 and No. 4 grades. 

Effects of Scouring 

The test weights taken on the scoured samples were in all instances 
greater than those obtained on the cleaned samples. The increase in 
test weights due to scouring was not essentially different for the non¬ 
weathered and the weathered samples. This increase in test weight 
was due partly to the removal of loose branny matter and removal of 
light chaffy material, thus facilitating closer packing. The scouring 
losses were considerably greater for the weathered samples, probably 
a result of more breaking of softened kernels as well as a looser bran. 

Effects of Weathering on Internal Texture 

The texture counts were based on the operator’s judgment. It is 
not difficult, however, to pick out the kernels whose sections are dis¬ 
tinctly vitreous, and those which show distinctly mealy, interiors. 
The difficult) comes with those which fall between these two classifi¬ 
cations. Hence, those samples that have a comparatively large semi- 
vitreous count ma\ tend either toward the more vitreous or toward 
the more mealy. It has not seemed practical to make more than these 
three divisions in the internal texture counts. 

The average percentage of vitreous kernels in the millers’ samples 
was 3.3 times as large for the nonweathered as for the weathered, and 
the mealy percentage 5 times as great for the weathered. In the 
farmers’ samples the average vitreous percentage was 2.5 times as 
great in the nonweathered as in the weathered, and the mealy per¬ 
centage was 7 times as great in the weathered. Several of the farmers’ 
nonweathered samples were 100% vitreous. 

As was indicated previously (Swanson, 1941b) the disappearance of 
the vitreous texture and the development of the mealy texture is 
caused by the swelling induced by wetting. Swelling disturbs the 
internal compact condition and after the water has escaped, vacuoles 
are left which influence the manner of light reflection. These vacu¬ 
oles decrease the specific gravity and hence the test weight. 
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Effects of Weathering on Percentage of Flour 

The percentages of flour were computed on the basis of the weight 
of the cleaned wheat sample. The addition of tempering water slightly 
increased the amounts of flour obtained, but this addition was nearly 
the same for all the samples. The percentages of flour as computed 
on the results obtained in milling cannot have the same accuracy as is 
accorded chemical determinations. Fifteen grams of difference in 
amount of flour obtained from 1500 grams of wheat will change the 
flour \ c /{. The hang-up between samples ma\ easily vary this much. 
However, trends and averages are significant, especially when con¬ 
sidered in connection with the figures for ash, which serve as a check 
on the milling separations. 

The average percentage of flour obtained from the millers 1 weath¬ 
ered samples was somewhat larger, with a lower ash, than from the 
nonweathered samples. The average flour yield of farmers* samples 
was somewhat larger than that of the millers’, and there was no differ¬ 
ence between weathered and the nonweathered. The decrease in test 
weight, with consequent lowering in grade due to wetting during 
harvest, did not have a corresponding effect upon the flour yield. 

Relationships of Grades to Internal Texture and Milling Results 

The data from 1'ables I and II were grouped under the various 
wheat grades, and the averages of the four grades, together with 
maxima and minima for each grade, are given in 'Fable III. The 
maxima and the minima vary within very wide limits in the four 
numerical grades. As seen in Tables I and II each numerical grade 
includes hard red winter (HRW) and hard winter (H\V). The soft 
red winter (SRW) were not included in the a\ erages. The test weights 
of the grades ranged within the following limits: No. 1, 4.8 lbs; No. 2, 
1.6 lbs; No. 3, 1.8 lbs; and No. 4, 1.4 lbs. The differences between 
the maximum test weight in No. 2 and the minimum in No. 1 was 
0.1 lb, which was also the difference between the maximum in No. 3 
and the minimum in No. 2. In No. 4 the maximum test weight was 
0.3 lb below the minimum in No. 3. Because of this larger variation 
within than between grades, it is easily possible that one group within 
a grade was little different from another group in the next lower or 
higher grade. 

The average scouring losses were markedly greater in grades 3 
and 4 than in 1 and 2. Both the maxima and the minima increased 
from No. 1 grade down to No. 4. The average percentages Of mealy 
kernels increased as the grades became lower, as a result of weathering 
effects. 
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TABLE III 

Relationship of Grades to Texture and Milling Results, Averages 
with Maxima and Minima 


Description 

Grading 

Test weights ! 

Scour¬ 

ing 

loss 

Internal texture 

Milling 

Grade 

Viti 

Dam¬ 

age 

Cleaned 

Scoured 

Vitr 

Semi 

vitr 

Mealy 

Flour 

Ash 



f n 

t 

lbs 

lbs 1 


r ; 

% 


Or 


\verage 

jlHRW 

74.80 

0.04 

61.53 

63.70 

2.18 

79.0 

7.9 

13.1 

71.5 

0.44 

Maximum 

1 

99.6 

1.0 

64.8 

66.1 

4.35 ; 

100.0 

51.0 

100.0 

75.8 

0.42 

Minimum 

1 1 

i — 

— 

60.0 

61.9 

1.01 

— 

— 

— 

65.0 

0.36 

Av er age 

2HRW 

72.82 

0.29 

59.01 

61.80 

2.36 

69.6 

13.6 

16.8 

72.0 

0.46 

Maximum 


96.0 

3.5 

59.9 

63.2 

4.70 

100.0 

38.0 

68.0 

76.4 

0.48 

Minimum 


28.0 

— 

58.3 

60.0 

1.34 

17.0 


— 

66.9 

0.43 

\verage 

3HRW 

51.91 

0.35 

56.84 

59.67 

3.21 

40.3 

25.6 

34.1 

72.5 

0.45 

Maximum 


96.0 

3.2 

57.9 

61.0 1 

5.69 

96.0 

63.0 

94.0 

77.6 

0.47 

Minimum I 

1 j 


i 

56 1 

57.6 

1.35 

1.0 

2.0 

2.0 

70.0 

0.45 

Average 

.4HRW 

37.50 

1 0.47 

55.24 

58.35 

3.16 

25.4 

31.6 

43.0 

71.8 

0.45 

Maximum 

1 ! 

1 70.0 

1 5.3 

55.8 

59.2 

7.12 

60.0 

46 0 

89.0 

75.2 

0.49 

Minimum 

i 

7.0 

1 ~ 

54.4 

57.4 

1.94 

2.0 

7.0 

15.0 

67.8 

0.42 


There were no essential differences in percentages of flour obtained 
from the different grades. The yields varied widely within each grade 
and were even wider in grades 1 and 2 than in 3 and 4. That the 
milling operation itself is a factor in percentage of flour yield is shown 
by the ash figure corresponding to the maxima and minima for flour 
yield. Although the ash figures were lower for the minimum flour 
yields than for the maximum, the differences in ash were not corre¬ 
spondingly as great as in the yield percentages. Hence these flour 
percentages were primarily dependent on the flour-yielding capacity 
and only secondarily on the milling operation as far as that is reflected 
in the ash figures. 

An analysis of the data presented in Tables I, II, and III indicates 
that the wheat grade was no indication of potential flour yield of these 
samples. 


Effect of Weathering on Mixogram Characteristics 

The moisture and protein percentages of the flours served as a 
basis for the calculation of water absorptions used for making the 
mixograms (Swanson and Johnson, 1942) and also for the baking of 
selected samples. The absorptions were determined by means of a 
graph based on experience with a large number of flour samples. This 
work had established the fact that absorption within a class of flours 
is a function of protein content on the 15% moisture basis (Johnson, 
1942 ). 
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Great variations were observed in the mixogram patterns, indi¬ 
cating that numerous varieties were represented among these wheat 
samples. With only a few exceptions each pair of mixograms, repre¬ 
senting nonweathered and weathered wheat, was from the same variety 
as far as could be determined from the patterns. Accordingly the 
measurements on these mixograms were grouped on the same basis as 
the data from Tables I and II. The characteristics of the mixograms 
were measured according to the plan presented by Swanson and 
Johnson (1943) 

While the mixogram patterns, as indicated by these lines and 
angles, depend mostly on characteristics inherent in the variety, yet 
within the same \arietv they will be influenced by weathering. After 
the data on the measurement of mixogram characteristics had been 
assembled in the same groupings as in Tables I and II and also b\ 
grades, great variations were noticed wfithin each group and grade 
It therefore seemed best to present only the averages as given in 
Table IV. The figures for the a\erages of moisture, protein, and 
absorption are included since these are related factors. 

The effects of weathering on mixogram characteristics w r ere more 
evident in the samples obtained from farmers than in the samples 
obtained from millers. The general effect of weathering was to in¬ 
crease the time of development, decrease the height of the mixogram, 
increase the angles of development and tolerance, but decrease thi 
angle of weakening. Similar changes in mixogram characteristics due 

I MILL !\ 

Mi\U(.K VM L H \K \( II KISIK S Oi SVMPI I s l SI I) IN Sll I>\ 


Mixogrtin miasurernents 
(Swanson and Johnson 1943) 
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mm 

umts 

dfg 

dig 

deg 

1 





Non weathered 

1 14 1 

11 8 

62.2 

5.0 

59 

37 

120 

23 

V\ea tinned 

11 7 

1 11 9 

62 6 

3.0 

58 

35 

124 

21 

Kunieis’ samples 
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M7 

12 7 

613 | 

2 6 

62 

47 
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27 

Wcatlu ed 1 

A vet ages fiom the 

I n t 

11 6 

62 8 

3 8 

54 

26 
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17 

wheat gradts 

1 








Grade 1 

! 13 7 

118 

62.4 

2.7 , 

60 

42 

113 

25 

Grade > 

| 136 

12.2 

| 62 9 

3.1 

59 | 

36 

122 

22 

Grade 5 

| 13 5 

120 

I 62.7 

3.1 , 

58 1 

34 

126 

21 

Grade 4 

13.5 

11.8 

62 7 

35 

54 

29 

134 I 

17 
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to moisture were noticed in previous investigations (Swanson, 1941a, 
19416) although at that time these more precise mixogram measure¬ 
ments were not used. The average figures based on the grades show 
the same general tendency as has just been noted. This would follow 
from the fact that most of the nonweathered samples fell in grades 1 
and 2 and the weathered in grades 3 and 4. 

Response to Further Wetting 

The data presented and the discussions indicate that the weathered 
samples had had various degrees of wetting. What further changes 
would take place as a result of additional wetting? To determine this, 
100-g portions of all the samples, both weathered and unweathered, 
were placed in beakers, covered with water and allowed to soak at 
room temperature for three hours. The water was then drained off 
and the wheat placed on layers of paper toweling held in shallow pans. 
After complete air drying, the test weights were taken by the micro 
method (Swanson, 1942). For better comparison the test weights of 
the original wheats were also taken by this method. The internal 
texture was studied, using the barley cutter. 

The averages of the results obtained as based on various groupings 
are given in Table V. The unweathered samples decreased much 


TABLE V 

Oianols in Ir.bi Wkigh r \nd Internal Ilaiurl Dei: to 
So\KIM, 1HL S\MPLLS 



I ost weight 
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Mealy 
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After 

j Loss 

Bel ore 
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lh s 

//»% 
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c ■* 

4 « i 

, 

Non weathered, millet s’ 

, 60 7 

54.8 

5.9 

84 

16 

9 i 

i 56 

Weathered, millers’ 

56 S 

i 52.9 

3.6 

27 

n 

44 

61 

Nonweathered, (armeis’ 

60.6 

55.9 

4.7 

83 

18 

7 

37 

Weathered, tanners’ 

57.4 

53.9 

3.5 

36 

8 

36 

54 

Test weights 60-65.1 

61.8 

56.2 

5.6 

1 82 ! 

20 

9 

46 

“ “ 58 59.0 

59.0 

54.7 

4.3 

65 

9 

19 

52 

41 44 5 6 -57 

56.7 

53.3 

3.4 

34 

10 ! 

39 

52 

44 ** 54 55 0 

55.2 

51.8 

3.4 

29 

9 1 

40 

55 

\ itieou.s 75 100' ( 

60.9 

55.8 

5.1 

92 ! 

20 

4 

37 

44 50- 74 

59.2 

54.6 

4.6 

63 

10 

18 

53 

44 25 49 

56.9 

52.9 

4.0 

32 

10 

34 

58 

“ 0- 24 

56.5 

i 

53.2 

3.3 

14 

6 

55 

66 


more in test weight than the weathered. The higher test weights as 
well as the more vitreous group of wheats also decreased more ir test 
weight than the lower test weight and more than the mealy samples. 
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In internal texture there was a much greater change in the non- 
weathered than in the weathered. The higher test weight showed a 
greater decrease in the vitreous percentage and a greater increase in 
the mealy than the less vitreous wheats. On wheats which have once 
been subjected to wetting, additional wetting will have much less 
effect than on wheats which have not been wetted. How much change 
will take place on successive wettings will be shown in a future paper. 

Mixogram Characteristics of Samples Used for Baking 

Fourteen pairs of samples were selected for baking. The pairs 
were so chosen that one sample in each pair represented wheat from 
the same source that was not weathered and the other a sample that 
was weathered. The mixograms from all the flours served as a basis 
for selecting those pairs in which the main patterns of both mixograms 
in a pair were similar. Mixograms of these pairs are shown in Figure 1. 
In each pair the mixogram from the nonwcathered wheat precedes 
that of the weathered and the order of the pairs is that of the non- 
weathered samples in Table VII, which gives the baking data. 

The measurements of the mixograms shown in Figure 1 are given 
in Table VI. Those from nonweathered wheats are in the upper 
group and those from weathered in the lower. The averages show 
greater differences between unweathered and weathered than are shown 
by the averages in Table IV. This would be expected since those pairs 
of samples were selected for baking which had the larger differences 
between the weathered and nonweathered. 

Results of Baking Tests 

Results of baking tests of weathered and nonweathered samples 
are presented in Table VII/ Test weights, protein percentages, and 
internal texture, vitreous and mealy, are included for convenient 
comparisons. Since there was a considerable variation in percentage 
of protein, which is known to be the most important factor influencing 
loaf volume, the loaf volumes were reduced to a uniform protein basis. 
These calculated loaf volumes are found in the next to the last column 
of Table VII and are the basis for arrangement of the data in the table. 
The baking formula used was: 

Flour 100 g Salt 1.5 g 

Water according tp absorption Sugar 6 g 

Yeast 2 g Bromate 3 mg 

Milk solids 4 g 

Previous experiments had shown that a rich formula is better for 
indicating effects from moisture. 


3 Credit I* due Mr. John A Johnson tor performing the baking tests 
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TABLE VI 

Mixogram Charac rERisncs of Samples Used i-or Baking 


No. on 

Time ot 

Height 

Dev elopment 

1 olerance 

Weakening 

Fig. 1 

development 

angle 

angle 

angle 


mxn 

unit? 

lieu 

** 

tlr R 


\o\wi ArHERrn 


1 

i 

2.2 

62 

! 55 

99 

26 

2 

1.9 

| 65 

54 

92 

34 

3 

1.6 

1 63 

54 

89 

32 

4 

2.3 

! 65 

50 

102 

28 

5 

2.6 

65 

50 

87 

43 

6 

3.3 

| 58 

33 

128 

19 

7 

2.0 

76 | 

53 

88 

39 

8 

29 

1 58 

34 

115 

31 

9 

3.8 

56 

24 

143 

13 

10 

3 2 

61 

. 

34 

128 

18 

11 1 

40 

47 

19 

147 

14 

12 1 

28 

64 

1 44 

112 

24 

13 

3.2 

53 ] 

33 
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22 

14 I 

3 2 1 

52 | 
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17 
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2.8 

i 
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i 

25 7 
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4.3 

60 

28 1 
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20 

2 
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61 
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3 

1.7 

59 

57 
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31 
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16 

5 1 
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I 

49 

96 1 
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3.2 

54 1 
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1.2 
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3.8 
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__ 1 

_ _ 

_ 

_ 


The baking data on texture of grain and crumb color were essen¬ 
tially the same for iionweathered and weathered samples and hence 
are not included in Table VII. Figure 2 shows the relationship of 
the loaf volumes, on the basis of uniform proteins, from nonweathered 
and weathered samples. Loaf volumes averaged larger for the weath¬ 
ered and were larger in each pair but two; in one of these the difference 
was within the experimental error. For pair No. 7, sample No. 1894 
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nonweathered and No. 1895 weathered, the loaf volumes were 1,010 
cc and 923 cc, respectively, although the protein of the former was 
lower than that of the latter. The test weights were 61.1 and 58.7. 
The weathering had therefore mostly affected the test weight. While 
there were differences in the vitreous and mealy percentages, they 
were not large. A closer examination of the mixograms (Fig. 1) of 

TABLE VII 

Summary of Data from Samples Used in Baking Arrangi d ry Increasing 
LV/Prot in Nonweathered S\mples 


Sample 

No. 

No. on 
Fig. 1 

1 est 
weight 

Vitre¬ 

ous 

Semi 

vitr 

J 

Mealy 

Pro¬ 

tein 

Mixing 

time 

Loaf 
vol | 

LVX10 

prot 

Diastatir 

activity 



Ibi 

( 

/» 


% 

% 

mtn 

i « 

cc 

mu 


Unweathered 


1886 

1 

62.7 

97 

0 

3 

11.85 

2.2 

660 

557 

217 

1877 i 

2 

57.3 

96 

2 

2 

13.50 

1.9 

805 

596 

154 

1911 

3 

59.2 

82 

5 

13 

13.85 

1.6 

830 

599 

188 

1839 I 

4 

60.6 

93 

4 

3 

13.25 

2.3 j 

830 

626 

152 

1837 

5 

1 

59 7 

82 

15 

3 

13.55 

2.6 ! 

875 

646 | 

151 

1889 

i 

1 6 

56.5 

88 

10 

2 

12.85 

3.3 

830 

646 

185 

1894 l 

1 7 

61.1 

98 

2 

0 

15.60 

2.0 

1010 

647 

154 

1835 

8 

57.8 

96 

2 

2 

11.55 

2.9 

755 

654 

201 

1870 

9 

56.7 

29 

63 

8 

11.90 

3.8 

788 

662 

168 

1843 

10 

61.5 

59 

19 

22 

10 60 

3.2 

705 

665 

171 

1899 

11 

59.7 

78 

i 

i 5 

17 

10.05 

4.0 

695 

692 

183 

1845 

12 

61.3 

66 

1 24 

10 

10.80 

2.8 

772 

715 

138 

1833 

13 

58.6 

97 ! 

2 

| 1 

10.75 

3.2 

778 

724 

195 

1857 

14 

61.6 

73 

9 

! 18 

10.95 

3.2 

807 

737 

156 

Average 


59.6 

81 , 

i 

1 

7.4 

12 2 

2.8 

796 

655 

172.4 


VVeaihkred 


1888 

1 

58.2 

62 

30 

8 

12.95 

4.3 

880 

680 

182 

1878 

2 

54.5 

60 

25 

15 

14.20 

1.9 

910 

641 

347 

1912 

3 

56.7 

23 

25 

52 

13.00 

1.7 

818 

629 

156 

1840 

4 

57.1 

7 

8 

85 

13.00 

3.3 

863 

664 

158 

1838 

5 

54.8 

18 

42 

40 

14.35 

2.6 

1025 

714 

116 

1890 

6 

55.7 

11 

42 

47 

12.00 

3.2 

815 

679 

185 

1895 

7 

58.7 

63 

27 

10 

16.65 

1.2 

923 
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151 

1836 

8 

55 7 

10 

44 

46 

11.40 

3.8 

770 

675 
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9 

55.3 

18 

28 

54 

10.65 

4.9 

723 
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10 

58 4 

29 

29 

42 
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3.9 

755 | 

719 

145 
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11 
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10 

22 

68 
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4.4 
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12 

! 54.8 

20 

41 

39 
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3.3 

828 
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13 
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5 

7 

88 

9.95 

3.9 
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737 1 
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29 

12 
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3.7 
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722 i 
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Average 

1 

56.3 

26.1 

27.3 

46.6 

12.2 

3.3 
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this pair indicated that the unweathered sample was of the 1'urkey or 
Blackhull type and the weathered was characteristically Chiefkan. 
This explains why this pair is out of line with the others. 

Maltose Values in Relation to Weathering and Vitreousness 

Diastatic activities were determined on all the flour samples but 
the results did not seem to bear any direct relationship to the weather¬ 
ing. The maltose values of the flours used in baking are found in the 
last column of Table VII. The average diastatic activity of the 


TABLE VIII 

Diastatic Activity in Relation to Weathering and Vitreousness 


Sample group 

Number 

Diastatic activity 

of samples j 

i 
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Average 

Non weathered, millers* 

mm 

mg 
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mg 
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mg 
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Weathered, millers’ 
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Nonweatnered, farmers’ 
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88 
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44 75-100% 
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41 0- 24% 
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16 
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weathered samples was sorpewhat higher than that of the nonweath- 
ered, but not enough to account for the higher loaf volumes. 

The averages as well as the maximum and minimum figures for all 
the maltose values of the nonwcathered and weathered as well as of 
four groups based on the percentages of internal vitreousness are given 
in Table VIII. These data indicate clearly that the weathering 
process as a whole did not increase the maltose values. The data also 
indicate that the maltose values in the highly vitreous kernels aver¬ 
aged higher than in those less vitreous. Among the farmers* samples 
were six 100% vitreous. The maltose values of these ranged from 
195 to 292 and the average of the six was 246, which is considerably 
higher than any of the averages in Table VIII. 

Discussion 

Previous investigations (Swanson and Fenton, 1932; Swanson, 
1934, 1941a, 1941b) have indicated that the effect of water alone, if 
heating and mold growth do not occur, may increase the loaf volumes. 
If heating occurs, and as a rule this is accompanied by mold growth, 
the gluten structure is injured and the result is a lowering of loaf 
volumes. It was also shown (Swanson, 1935) that the maltose value 
is not increased unless a moisture content of about 30% or more per¬ 
sists over a considerable period. The increase in maltose value is 
apparently an accompaniment of the germination process. In only a 
few instances did the evidence from the maltose values indicate that 
these weathered samples had undergone the process of germination. 
That this process greatly increases the maltose value was shown in the 
investigation just cited. A wet harvest when combines are used 
produces results that are different from those with wheat exposed 
experimentally in shocks to wet weather. As long as the wheat is 
supported by the standing stems, the moisture from rain does not last 
long enough to start the process of germination which is likely to occur 
in the wetted shocks. 

Loaf volumes depend on the balance of the forces produced in the 
expanding gas bubbles, and on the resistance in the gluten mesh 
during dough fermentation and baking. If this resistance is too great, 
the gas is unable to effect the desired expansion with resulting de¬ 
creased volume and coarse texture. If the resistance is too small too 
much expansion takes place which also results in a too open texture. 

The treatment of the wheat grain with moisture, such as takes 
place in a wet harvest, has a mellowing effect on the gluten. The 
resistance is decreased and hence a larger loaf volume results from 
the same gas pressure. This mellowing apparently results from a 
slight weakening of the gluten strands, and the process is analogous 
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to what takes place in the natural aging which is known to improve 
the baking qualities of new wheat. Moisture and increased tempera¬ 
ture hasten this process. In weathering which occurs before the 
wheat is harvested, temperature is a negligible factor. Heating of 
wheat in a bin is dangerous since it may very easily go too far. 

These weathered wheats were then analogous to samples which 
were much older biologically than the nonweathered samples, but not 
too old to give good baking performance. 

Summary 

The latter part of the 1941 harvest season was unusually wet in 
Kansas. This afforded an opportunity to study the effects of wetting 
during harvest on grain grades, test weights, internal textures, and 
milling and baking values. Nonweathered and weathered wheat 
samples were obtained from millers and farmers. 

The most apparent effects of weathering were lowering of test 
weight, decreasing the external vitreous appearance, depressing the 
grade, decreasing the percentage of internal vitreousness, and increas¬ 
ing the percentage of the internal mealiness. 

The percentages of flour averaged as high from the weathered 
wheats as from the nonweathered, without a corresponding change in 
ash. There were no essential differences in the percentages of flour 
obtained from the different wheat grades. 

The mixograms indicated that weathering lengthens the time of 
dough development, slightly depresses the height of the curve, de¬ 
creases development angle and increases the tolerance angle, but 
decreases the angle of weakening. 

The loaf volumes, adjusted in protein, were larger for the weathered 
than the nonweathered with only one notable exception. In this 
instance the curve pattern indicated that the weathered wheat was 
Chiefkan and the nonweathered was Turkey or Blackhull. The larger 
loaf volumes of the weathered samples were not due to the higher 
maltose values, since differences between averages of nonweathered 
and weathered were not significant. The average maltose value of 
the flours from six 100% vitreous wheats was about one-third higher 
than the average of the weathered samples. 

The larger loaf volumes obtained from the weathered samples as' 
compared with the nonweathered samples were due to changes similar 
to those which take place in aging, and which give an improvement 
over new wheat in baking qualities. 

The data presented indicate that weathered wheats which show 
no other damage are unduly penalized by the prevailing grain grading 
standards. 
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FACTORS WHICH INFLUENCE THE PHYSICAL PROPERTIES 
OF DOUGH. V. GLUTEN PROTEIN AS THE MAIN FACTOR 
AFFECTING THE PATTERN OF MIXOGRAMS 1 

(\ (). Swanson - and A. C. Andrews 

Kansas \gru ultur.il Experiment Station, Manhattan, Kansas 
(Reteued for publication June 29. 1942) 

Recording dough mixer curves or “mixograms” (Swanson and 
Johnson, 1943), made with and without the presence of surface-active 
or wetting agents, were presented in a previous paper (Sw'anson and 
Andrews, 1942). The principal effects of the surface-active agents 
were to lengthen the time of development of the dough, decrease the 
angles of development and weakening slopes, and decrease the rate of 
breakdown of the dough. The view was expressed that these effects 
were results of the action of the surface-active agents on the protein 
and that their action may have been some form of protein denaturation. 
Reducing the interfacial tension would aid water penetration into the 
large polyhedral protein molecules. The protein deformation would 
be aided by the severe action of the pul 1-fold-repull type of mixing, 
causing the protein particles to change more to the laminar and the 
fibrillar forms, and thus facilitate the increase of the extent of surface 
of the three-dimensioned fibrillar gluten network in the dough. 

Water constitutes about 40% to 45% of the dough mass (Swanson, 
1937, p. 180). About one-half to two-thirds of this water is in the free 
condition (Skovholt and Bailey, 1935; Vail and Bailey, 1940). The 
presence of the surface-active agents in the water, probably in both the 

i Contribution No 89, DepaitnuMit ot Milling Industry, and No. 275, Deportment of Chemistry. 
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free and the bound forms, could, because of their effect on adhesional 
tensions, contribute to the alteration of the mixogram characteristics. 

Probably the greatest effect of surface-active agents is on the pro¬ 
tein of gluten, as has been stated. That the percentage of protein in 
the flour is one of the principal factors influencing mixogram heights 
was shown by Swanson (1941) and also by Larmour, Working, and 
Ofelt (1939). The protein content and its inherent varietal quality 
had the greatest influence on the main mixogram patterns. The per¬ 
centage of protein in a dough made from average hard winter wheat 
flour is about 7% of the dough mass (Swanson, 1937, p. 180), yet its 
influence on mixogram patterns is apparently greater than that of the 
starch and also of the water when present in such amounts as to give 
the dough its proper consistency. Since starch constitutes about 40% 
of the mass of dough from average hard winter wheat flour, its influence 
should not be disregarded. 

The purpose of the investigation presented in this paper was to 
determine to what extent the main varietal patterns of mixograms are 
altered or persist when the gluten protein is weakened by admixture 
with starch, ethyl alcohol, or pyridine in the presence and absence of 
the surface-active agent Aerosol OT (Swanson and Andrews, 1942). 
The general plan was to determine the changes in the pattern of mixo¬ 
grams (1) by mixing varying amounts of wheat starch with high-protein 
Tenmarq and Chiefkan flours, (2) by successive additions of alcohol, 
and (3) by using mixtures of starch and finely ground dried gluten so 
proportioned as to produce the same protein content as the high- 
protein flours. The effect of the action of Aerosol OT was determined 
by its addition to all these combinations. Pyridine was used since it 
has no effect on starch but has a pronounced weakening effect on the 
gluten protein. 

The flours used were a 15.6% protein Tenmarq, a 15.6% Chiefkan, 
a series of Tenmarq flours decreasing in protein from 15.3% to 7.9%, 
and a series of Chiefkan decreasing in protein contents from 14.6% 
to 8.7%. The dried glutens and the corresponding starches were 
obtained from the two high-protein Tenmarq and Chiefkan flours. 
The wheat starch was furnished by the Huron Milling Co., Huron, 
Michigan 

Mixogram Patterns as Influenced by Admixture of Increasing Amounts 

of Starch and Alcohol 

The effects on mixogram patterns of lowering the protein content by 
successive additions of wheat starch and also of weakening the protein 
by adding alcohol are shown in Figure 1. The flours were the high- 
protein Tenmarq and Chiefkan. The proportions of flour and starch, 
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percentage of absorption, milliters of 95% alcohol and water used are 
given in the legend for Figure 1. 

The most apparent effect of the addition of starch was the successive 
lowering of the heights of the mixograms. The time of development 
or minutes to reach the top was not changed within each variety, but 
between varieties the time of development for Tenmarq was signifi¬ 
cantly over twice as long as for Chiefkan, indicating that the time of 
development was affected almost wholly by quality and practically 
not at all by quantity of the gluten protein. The effect of alcohol was 
similar to that of starch in lowering the heights of the mixograms, ex¬ 
cept that the tops were made more round by the larger amounts of 
alcohol and the time of development was noticeably shortened for 
Tenmarq but not for Chiefkan. There was also a greater smoothness 
from the use of the 5 and 7 ml of alcohol. The disintegrating action of 
alcohol made* the liquid properties associated with viscosity more 
prominent than the solid properties associated with plasticity. 

The effect of the starch is due to decreasing the density or quantity 
of gluten strands in the three-dimensioned gluten mesh in the dough, 
while the effect of alcohol is from a weakening of the mesh. Alcohol 
has a dispersing or solvent effect on gliadin, one of the main con¬ 
stituents of gluten. 

When the proportion of Hour became 5 parts to 30 of starch (last 
mixograms of lines 1 and 3, Fig. 1) the plastic and viscous properties of 
the starch were so prominent as to conceal all influence of the gluten 
protein. The time of development was onl\ that required to inter¬ 
mingle the water with the starch and the small amount of flour. When 
the proportion of flour was 10 parts to 25 of starch (mixograms in 
lines 1 and 3, No. 6), the influence of the gluten was evident. In the 
ratio of 10 to 25, the calculated protein content was 4.46% and hence 
near the lower limit at which dough characteristics are shown in a 
mixogram from a mixture of high-protein flour and wheat starch. 

In a previous paper (Swanson and Andrews, 1941, Fable 3 and 
Fig. 4) it was shown that the developing and weakening slopes almost 
disappeared in the mixograms from the lowest-protein flours, or those 
in the range of 8% or 9%. This effect indicates that the gluten protein 
in a low-protein flour behaves differently from the gluten protein from 
a high-protein flour in a mixture of flour and starch in dough develop¬ 
ment. Markley (1938) states that “It would appear that at least 7% 
of protein must be present if there is to be a continuous gluten structure 
throughout the dough at mobility levels normal to bread doughs.” 
He implies that at this protein level in the flour there is a formation of 
a more or less complete film or envelope of protein over the surface 
of the starch granule. The principle of dough handling by the farino- 
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graph, used by Markley, is different from the pull-fold-repull type of 
mixing in the National Swanson-Working mixograph. 

The differences between the mixogram patterns of Tenmarq and 
Chiefkan, which persist after dilution of the gluten protein with starch 
or after weakening with alcohol, indicate that these patterns are deter¬ 
mined by differences in the characteristics inherent in the gluten pro¬ 
teins of these varieties. 

Influence of Absorption on Mixtures Containing High Starch Ratios 

The amount of water absorption in mixtures of 5 parts flour and 
30 parts starch has a marked influence on the characteristics of the 
mixograms (lines 5 and 6, Fig. 1). The mixograms numbered 2 in lines 
5 and 6 were made with the same absorption as was used for the mixo¬ 
grams numbered 1, which were made from the flour alone. Mixograms 
numbered 3, 4, and 5 were made with 2% successively decreasing 
absorptions. When the absorption was 70% (the same as for the flour 
alone, mixograms in lines 5 and 6) comparatively little resistance was 
offered to the moving pins after water was incorporated in the mixture. 
The first upswing was due to the resistance of the dry areas in the 
mixtures. As the amount of absorption was decreased the viscous and 
plastic properties became more apparent, as shown by the wider swing 
of the j>en. That there may have been some influence from the small 
amount of protein, 2.23%, is shown in the narrowing of the last part 

Fir. 1. Effects of wheat starch and alcohol on mixogram patterns. The grams of flour are 
indicated by the first figures of the ratios, the grams of starch by the second figures. 
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(mixograms 4 and 5 of lines 5 and 6). This is also shown in the last 
mixograms of lines 1 and 3. The influence of 3, 2, or 1 grams of flour 
in the mixture was not apparent in the mixograms (Nos. 6, 7, and 8, 
lines 5 and 6). 

Mixograms from Starch Alone 

Mixograms in line 7 (Fig. 1) were made from starch and water. 
With 66% absorption (mixogram 1) the mixture was too dry and would 
cling to the bowl. At several intervals the machine was stopped and 
the mixture worked away from the side. The result was a few up¬ 
swings of the pen and then the mixture again clung to the side of the 
bowl. That this behavior continued for a much longer time than is 
normally used in making mixograms was learned in several trials. 
The plastic properties appeared when the absorption was increased, 
as shown in mixograms 2 to 5, line 7. These, however, disappeared 
when the absorptions became too large. 

It was found difficult to determine the absorptions which would 
produce the characteristics of mixogram 1, line 7, and of mixograms 2 
to 5, line 7. The exposure of the starch to the atmosphere was a 
factor, since mixograms with the same absorptions varied on different 
days. Thus mixogram 8 in lines 5 and 6 had 64%, while 66% for 
mixogram 1 in line 7 was too dry. Mixtures which appeared very dry 
at the start, such as produced the last mixograms in lines 5 and 6, 
gradually developed plastic properties. The depths or thicknesses of 
the water films on the starch granules, which produce patterns similar 
to No. 1, line 7, and Nos. 2, 3, and 4, line 7, differ in an extremely 
narrow range. 

The wide mixograms, obtained with little or no gluten proteins 
present, show that the width is not related to elastic properties of the 
dough but depends on the plastic properties. This has also been shown 
by Markley (1937). The magnitude of the width is determined also 
by the spring tensions and the viscosity of the oil in the shock absorber 
of the mixograph. 

Effect of Aerosol OT on the Mixograms Made from Mixtures of 
High-Protein Flours and Starch 

The mixograms in Figure 2 show the effect of Aerosol OT, with the 
same flour and starch ratios as were used for those in lines 1 and 3 of 
Figure 1. The first line of mixograms under each variety (Fig. 2) 
were made with flour, starch, and water. Those in the second line 
under each variety show the effects of 40 mg of Aerosol for each one 
and those in the third line, the effect of 50 mg. 




RATIOS OF FLOUR AND STARCH 
35-O f 30-", 25-10, 20-15, 15-20, 10-25 
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The effects of surface-active agent were longer time of development, 
less eteep developing and weakening slopes, and a tendency to lessen 
the r.ate of breakdown in the dough. The effects of the surface-active 
agents on the fiour-and-starch mixtures were similar but not identical 
to the effects on flours of decreasing protein content (Swanson and 
Andrews, 1941). 

That the surface-active agent acts mainly on the gluten protein 
and not on the starch is indicated by the persistence of the differences 
in patterns between Chiefkan and Tenmarq mixograms, not only after 
dilution with starch but also under the influence of the surface-active 
agent. 

Effects of Aerosol OT on Flours of Decreasing Protein Contents and 
on Mixtures of High-Protein Flour and Starch of Corresponding 

Protein Contents 

To investigate further whether the influence of the surface-active 
agent was mainly on the gluten protein, the mixograms in Figures 3 
and 4 were obtained. Those in Figure 3 were made on a series of 
Tenmarq and Chiefkan flours of decreasing protein percentages. The 
protein percentages as well as the water absorptions for both varieties 
are given in the legend for Figure 3. The mixograms in the first row 
under each variety were made with flour and water and the second row 
for each variety was made with flour, water, and 50 mg of Aerosol OT. 
The absorptions were adjusted so that the top of the one with the 
highest protein content would reach near to the top of the chart. 
For each of the lower proteins the absorptions were reduced in order 
to give doughs of desired consistency as shown by the mixograms. 
These mixograms are similar to some shown in the previous investiga¬ 
tion (Swanson and Andrews, 1942). It is evident that, although the 
surface-active agent changed the pattern of the mixograms of both 
Tenmarq and Chiefkan, the differences between the varieties persist. 

The mixograms in Figure 4 were made from mixtures of starch with 
the 15.6%-protein Tenmarq and Chiefkan flours so proportioned that 
a series for each variety would be obtained which would have protein 
contents corresponding to the flours used for those in Figure 3. The 
mixograms in the top rows in Figure 4 under each variety were made 
with flours and the additions of 0, 20, 40, and 60 mg of Aerosol OT, 
respectively. Those in the rows below the top row were made with 
the flour-and-starch mixtures just mentioned, and the additions of 
Aerosol OT in the same amounts as for the top rows. The calculated 
protein contents of the flours and the mixtures as well as the absorp¬ 
tions used are given in the legend for Figure 4 
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The absorptions of the flour-and-starch mixtures were higher than 
of the flours of corresponding protein contents used for the mixograms 
in Figure 3. This was apparently due to the fact that the two flours 
used in making the flour-and-starch mixtures were higher in absorption 
than was the absorption of the highest-protein flours, which were em¬ 
ployed for the mixograms in Figure 3. The absorption of the starch 
itself in these mixtures was also a factor. 

The mixograms in Figures 3 and 4 show that when a high-protein 
flour was mixed with starch so as to decrease the protein content, the 
characteristics of the mixograms were not the same as those obtained 
from flours of the same protein content as the mixture. Mixograms of 
the lowest-protein flour, Tenmarq, are almost horizontal (Fig. 3). 
When the protein was reduced to the same level by mixing with starch 
(line 7, Fig. 4) the developing and weakening slopes remained distinct. 
There was also a greater tendency tov\ ard narrowing in the last half of 
those from the flour and starch mixtures, especially those of Tenmarq. 
In the mixograms from the flours (Fig. 3) the time to reach the top 
gradually increased as the protein content decreased. In the flour- 
starch mixtures (Fig. 4) no such increase in time of development is 
noted. This shows a fundamental difference in the behavior in mixing 
of protein from these high- and low-protein flours. The low-protein 
flours require more time than the high-protein flours for physical 
development. It is apparently not the small quantity of protein in 
the low-protein flours that is responsible for a longer time to reach the 
top. The difference is in the quality of the proteins. This also indi¬ 
cates that low-protein flours synthesized by mixing starch with high- 
protein hard wheat flour will not have the same handling qualities as 
the naturally low-protein flours. 

Progressively longer times were required to reach the top with 
increasing amounts of Aerosol OT (Fig. 4), but this time did not 
become shorter as the protein content of the flour-starch mixtures was 
decreased. There was a greater tendency for the mixograms of mix¬ 
tures of flour and starch (Fig. 4) to become narrow in the last half than 
for those made from the flours shown in Figure 3. The time to reach 
the top was more than twice as long for Tenmarq as for Chiefkan for 

Pig 4 Effects of Aerosol OT on flour and on flour and starch mixtures adjusted so as to have 
the same protein contents as the flour used for the curves in Pig 3 
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all the mixograms from the mixtures both without and with the various 
additions of Aerosol. Thus to a large extent the characteristics of 
those made from flour alone persist in the flour-and-starch mixtures, 
which shows that it is the gluten protein that determines the patterns. 

Mixograms from Mixtures of Dry, Finely 
Pulverized Gluten, and Starch 

The mixograms presented in the preceding discussion indicate very 
strongly that the characteristics inherent in the gluten protein deter¬ 
mine the main pattern, and also that a wetting agent similar to Aerosol 
QT acts principally on the gluten. Additional evidence was obtained 
from mixograms on mixtures of dry, finely pulverized gluten and starch. 

Gluten was washed from doughs made from the 15.6% protein 
Tenmarq and Chiefkan flours. By washing the dough in a large bowl 
most of the starch could be recovered in three changes of water. The 
assembled starch-water was passed through a Sharpies supercentrifuge 
which obtained the starch as well as the water-dispersible protein in 
a pasty condition. This starch was easily dried by being placed in a 
shallow layer in front of a fan, after which the lumps were ground to 
pass a 10XX flour sieve. 

The wet gluten mass was picked into small pellets about the size 
of peas and spread on waxed paper, such as is used in wrapping bread, 
and allowed to air-dry. The pellets, resembling dried glue, were 
ground to pass a 10XX flour sieve. It was noticed that the pellets 
from Tenmarq and Chiefkan glutens behaved differently when resting 
on the waxed paper. Those from Chiefkan flattened out more and 
had a smoother surface, while those from Tenmarq were humped up 
and had a rippled surface. Protein content of the gluten and the 
starch obtained from these flours are given in Table I. 

TABLE I 

Protein in the Gluien and Starch from Tenmarq and Chiefkan— Air-Dry 


Protein 


I enniarq gluten 

78.20 

Tenmarq starch 

0.79 

Chiefkan gluten 

72.9 

Chiefkan starch 

1.79 


The gluten and starch were mixed in ratios that approximated the 
protein content of the flour alone, 35-0, and of the flour and starch 
mixtures 25-10 and 15-20, used for mixograms 1, 3, and 5 in Figure 2. 
The approximate protein percentage of the gluten and starch mixture 
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corresponding to 35-0 was 15.6%, that of 25-10, 11.1%, and that of 
15-20, 6.7% protein. 

The check mixograms obtained from flour and water, and from the 
gluten and starch mixtures, without and with the addition of 40 mg of 
Aerosol OT for each mixogram, are given in Figure 5 and the propor¬ 
tions as well as the absorptions arc given in the legend for this figure. 
The checks were from the flours. Those in the three pairs of rows on 
the left side were from Tenmarq flour and from Tcnmarq gluten-starch 
mixtures. Those in the three pairs of rows on the right side were from 
Chiefkan flour and from Chiefkan gluten-starch mixtures. The first 
one in each line was made from flour, the other three from gluten 
mixtures. The mixograms in the first line of each pair were made 
without Aerosol OT and those in the second line with 40 mg of Aerosol. 
For those in the upper pairs, plain wheat starch was used in the mixture, 
and for the two middle pairs, the starch obtained from the same flours 
as the glutens. For the mixograms in the lower two pairs, Chiefkan 
starch was used with Tenmarq gluten and Tenmarq starch with the 
Chiefkan gluten. The details of the quantities used are indicated in 
the legend for Figure 5. 

It is apparent that the mixograms obtained from Tenmarq gluten 
and wheat starch are characteristically different from those obtained 
from Chiefkan gluten and wheat starch. The Tenmarq gluten pro¬ 
duced mixogram characteristics associated with Tenmarq flours, and 
the Chiefkan gluten produced characteristics associated with Chiefkan 
flours. This indicates that, in addition to the preceding evidence, the 
characteristics of the gluten determine the patterns of the mixograms. 
The additions of Aerosol OT to the gluten and starch mixtures result in 
effects similar to those produced by the flours. 

The starch and gluten mixtures, however, do not give exactly the 
same characteristics as obtained from the flours. This can be seen by 
comparing the first mixogram in each line with the second, wdiich had 
an equivalent amount of protein. When the amounts of gluten were 
decreased and the amounts of starch increased in the mixtures, the 
heights were lowered similarly to those shown in Figures 2 and 4. 

There were also variations in the effects of the different starches. 
The pure wheat starch did not give the same pattern as was obtained 
from the starches obtained from the flours. The Tenmarq starch 
produced greater variations from the pure starch than did Chiefkan 
starch. The addition of Aerosol OT did not conceal the differences 
due to the tveo glutens. It should be noted that the starches from 
these two flours contained a considerable amount of protein, and also 
that the protein contents of the two glutens (Table I) indicate that 
they contained a considerable amount of starch. From the n ethod 
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used in the gluten and starch separations, it is inevitable that a con¬ 
siderable portion of the water-soluble protein would be lost in the water 
removed by the centrifuge. It is clear, however, from these trials, that 
the patterns of the mixograms from these varieties are determined 
mainly by the characteristics inherent in the gluten proteins. 

Effect of Pyridine on Mixograms 

Pyridine is an organic liquid which has no chemical effect on starch 
and hence it was thought worth while to ascertain what effects its 
presence would have on the mixogram patterns. Different amounts 
of a mixture of 85 ml of pyridine and 15 ml of water were added in 
making the mixograms. The same Tenmarq and Chiefkan flours and 

Fig. 5. Comparison of mixograms fiom flours and from gluten and starch mixtures 
TENMARQ GLUTEN + WHEAT STARCH 


Aerosol OT 






mg 






0 

Grams gluten 

Check 

7 0 

50 

3.0 


Grams starch 


28 0 

30.0 

32 0 


Absorption % 

70 

70 

68 

66 

40 

Giams gluten 

Check 

7 0 

5 0 

30 


Grams starch 


28.0 

30.0 

32.0 


Absorption f / 

70 

70 

68 

64 


TENMARQ GLUTEN + TENMARQ 

STARCH 


0 

Grams gluten 

Check 

68 

4.8 

2 8 


Grams starch 


28 2 

30 2 

32 2 


Absorption ( ,[ 

70 

70 

68 

64 

40 

Grams gluten 

Check 

68 

4.8 

2 8 


Grams starch 


28 2 

30 2 

32.2 


Absorption % 

70 

70 

68 

66 


TENMARQ GLUTEN + CHIEFKAN 

STARCH 


0 

Grams gluten 

t hoc k 

6.8 

4.8 

28 


Grams starch 


28 2 

30 2 

32 2 


Absorption % 

70 

70 

68 

66 

40 

Grams gluten 

Check 

6 8 

4 8 

28 


Grams starch 


28 2 

30 2 

32 2 


Absorption % 

70 

70 

68 

66 


CHIEFKAN 

GLUTEN +WHK\f S 

TARCH 


0 

Grams gluten 

Check 

7 5 

5 4 

3 2 


Grams starch 


27 5 

29 6 

31.8 


Absorption % 

72 

72 

70 

68 

40 

Grams gluten 

Check 

7 5 

5 4 

3.2 


Grams starch 


27.5 

29.6 

31 8 


Absorption % 

72 

70 

70 

68 


CHIEFKAN GLUTEN + CHIEFKAN 

STARCH 


0 

Grams gluten 

('heck 

7 

5 

3 


Grams starch 


28 

30 

32 


Absorption % 

72 

72 

68 

66 

40 

Grams gluten 

Check 

7 

5 

3 


Grams starch 


28 

30 

32 


Absorption % 

72 

72 

68 

66 


CHIEFKAN GLUTEN + TENMARQ 

STARCH 


0 

Grams gluten 

Check 

7 

5 

3 


Grams starch 


28 

30 

32 


Absorption % 

72 

70 

68 

66 

40 

Grams gluten 

Check 

7 

5 

3 


Grams 9tarch 


28 

30 

32 


Absorption % 

72 

70 

68 

66 



Vol. 20 



I‘ig. 6 (Explanation of figure on opposite page ) 



Tan 19-H 


C O SWANSON \NI) A C ANDRFWS 


77 


their glutens, as well as the same wheat starch as was employed for 
those in Figure 5, were used. 

The mixograms obtained are shown in Figure 6 and the proportions 
of materials are given in the legend. The upper three lines of mixo¬ 
grams represent Tcnmarq and the next three lines Chiefkan, both 
15.6% protein The first one in each line was made without pyridine, 
and the remaining four curves were made with the additions of 1, 2, 
3 and 5 ml of pyridine mixture, respectively. The mixograms in the 
first line under each variety were made with flour, those in the second 
line with starch and gluten used in such amounts that the mixture had 
the same protein content as the flour. The third line of mixograms 
under each variety was also made with the mixtures of starch and 
gluten, but also 50 mg of Aerosol for each mixogram. The absorption 
for all these was 70%, except for the mixture of Chiefkan gluten and 
starch, w'hich was 72%. 

Pyridine has a disintegrating effect on wheat gluten. The presence 
of 3 and 5 ml of pyridine mixture made a plastic mass instead of a 
dough. That this was due to its effect on the protein is indicated by 
the same general results on the gluten and starch mixtures as on the 
flours. That Aerosol OT exerts its effect in the presence of pyridine 
is shown by the similarities of the general patterns of the curves in 
lines 3 and 6 to those given in Figure 5, in which Aerosol OT was 
present. 

Summary and Conclusions 


The mixograms obtained from mixtures of high-protein flours with 
starch, arranged to provide* a series of samples of decreasing protein 
contents, differed markedly from those obtained from flours of the 
same protein contents as the mixtures. It appears that the gluten 
in high-protein flours reacts somewhat differently in mixing from the 
gluten of low-protein flours. .Mixograms made with mixtures of finely 
ground gluten and starch had the same geneial pattern as those made 

Tig 0 Effects of pyridine on tmxogiam pattcins pyndine mixtiue added for each mixogram 
0 1 > 1 and 5 ml icspcaivelv, e\<opt line 7 


I me No 1ENMARU 

1 Hour p>rtdme—70% abs 

2 tiluten staich mixtures f pyridine 70% abs 

? (.luttn staich mixtures {- pyndint -f- VtrosolOl 70% ibs 

t HIE! k\\ 

4 I lour pyridine—70* t abs 

5 (.iluteu-btarch mixtures + pyridine— 72% abs 
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- 62% abs 
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— 64% abs 


Ch starch 
■t 3 ml pyndim 
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from mixtures of high-protein flours and starch. The mixograms from 
Chiefkan gluten and starch had patterns similar to those obtained from 
Chiefkan flour and similarly with Tenmarq flour. 

Pyridine has a disintegrating effect on gluten. The additions of 
small but increasing amounts produced mixograms similar to those 
obtained from flours of progressively decreasing protein contents. 
Pyridine added to gluten and starch produced the same general pattern 
as was obtained from its addition to flours. 

The mixograms presented in the various figures indicate very 
clearly that gluten-protein is the main factor in the determination of 
patterns of mixograms and also that the surface-active agent Aerosol 
OT has very little if any effect on the starch. The reduction of the 
interfacial tensions in the dough by the surface-active agent appears 
to be a factor in promoting inter-spreading among the starch granules 
and intra-penetration of the water into the protein micelles or gluten 
particles. 

It can be concluded from this investigation that the starch has very 
little if any influence on the main mixogram patterns, and that the 
gluten-protein is the main factor. 
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TESTING THE BAKING STRENGTH OF GLUTEN 
CONCENTRATES 1 


T. R. Aitkkn and J. Anskl Anderson 

Grain Research Laboratoiy, Board of Grain Commissioners 
lor Canada, Winnipeg, Manitoba 

(Rend at tin* Annual Meeting, May 1042) 

The linear relationship between loaf volume and protein content, 
expressed as a coefficient of regression, has been widely used in studies 
of wheat quality, and should serve as a satisfactory tool for examining 
the baking strength of gluten concentrates. If several concentrates 
are to be compared, each can be used to fortify one or more base 
flours at different protein levels, and the resulting data can be used 
to determine the regression coefficients for each gluten and the sig¬ 
nificance of possible differences between them. The essence of such a 
method is that a statistical analysis is used to obtain an objective 
and quantitative interpretation of the data. The first investigation 
made in this laboratory, involving the use of this procedure, is de¬ 
scribed in this paper. 

Materials and Methods 

Twenty-four high-grade Western Canadian hard red spring wheats 
of the 1941 crop, ranging in protein content from 11.2% to 16.7%, 
on which milling and baking data were available, wen* used in this 
study. Nine w r heats from the lower protein range were composited 
to give a flour (A) of 11.5% protein; eight wheats from the inter¬ 
mediate protein range were composited to grve a flour (B) of 13.3% 
protein; and seven wheats from the higher protein range were com¬ 
posited to give a flour (C) of 15% protein. Gluten concentrates 
(protein content about 63%) were prepared from flours A, B, and (\ 
by the method of Aitken and Geddes (1938). Each base flour was 
fortified yvith each of the three glutens at nine levels to coyer a range 
of approximately 3%. Thus there were nine sets of samples, repre¬ 
senting combinations of three base flours and three glutens. A single 
loaf was baked for each sample by the malt-phosphate-bromate pro¬ 
cedure, absorption being determined yvith the aid of the farinograph. 
The dried glutens were weighed out and added to the flours yvithout 
preliminary treatment Protein levels of the fortified flours were 
calculated from data on the protein contents of the base flour and 
added gluten. The ten loaves for each set were baked in random 
order on the same half day. The order in which bakings were made 
for the nine sets of samples w^as randomized among half days. 

1 Published as Papet No 1<)K ot the Associate Committee on Gram Research (Canada), 
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Results and Discussion 

The correlation and regression coefficients for loaf volume and pro¬ 
tein content for the gluten-fortified flours and for the original 24 flours 
were calculated in the usual manner and are recorded in Table I. 

TABLE I 

Correlation and Regression Coefficients for Loaf Volume and 
Protein Content 


Combination 

Cori elation 
coefficient 

Regression 

coefficient 

Original 24 flout s 

+ .98 

cc loaf vol 
pei 1% of protein 

70 

Flour A plus: 

Gluten A 

+ .93 

33 

Gluten B 

+ .94 

43 

Gluten C 

f *91 

31 

Flour B plus: 

Gluten A 

+ .88 

30 

Gluten B 

+ .84 

37 

Gluten C 

+ .88 

27 

Flour C plus: 

Gluten A 

+ .94 

45 

Gluten B 

+ .92 

41 

Gluten C 

+ .92 

37 


All correlation coefficients are well above the value required for a 1% 
level of significance. The regression coefficients for the fortified flours 
show a minimum value of 27 and a maximum value of 45, the mean 
being 36. This mean value is considerably lower than the regression 
coefficient for the original flours, 70. Application of the t test shows 
that this difference is significant, t having a value of 8.41 as compared 
with a required value of 2.63 for a 1% level of significance. It is thus 
apparent that the average difference in the loaf volumes of natural 
flours differing in protein content by 1% is about twice as great as 
the average increase in loaf volume obtained by increasing the pro¬ 
tein content 1%, by adding dried gluten of the type used in this study. 
This difference indicates that gluten concentrates made by the Aitken- 
Geddes method are materially damaged during preparation. 

The homogeneity of the regression coefficients for the nine sets of 
fortified flours was examined by means of the analysis of residual 
variance shown in Table II. The F value failed to attain the 5% 
level of significance. Thus in spite of the fact that 90 loaves were 
baked, the investigation did not demonstrate significant differences 
between the strength-imparting properties of the glutens or between 
the effects of different base flours on the regression coefficients. It 
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TABLE II 

Analysis of Residual Variance of Regression CotFHciENrs for Loaf 
Volume on Proifin Content for Gluten-Fortified Flours 


Variation due to 

Degrees of 

Mean 

freedom 

square 

Differences among the nine 



individual regressions 
Deviations from individual 

8 

392.8 

r egressions 

72 

355.5 


F value found, 1.14; required for 5% level, 2.06. 


should be noted, however, that it cannot be concluded that either the 
glutens or the base flours are identical in their effects. 

The failure to obtain positive results stems from an attempt to 
obtain too much information from a given number of bakings. Thus 
if the 90 loaves had been used to stud' the fortification of a single 
flour w r ith two glutens, it seems probable that any real differences in 
quality between the glutens would have been established. In a study 
of the kind attempted it is apparently advisable to use both a greater 
protein range and more levels of fortification. Both changes will 
increase the precision of the regression coefficient. It should be noted 
that baking duplicate loaves for each level of fortification is less ad¬ 
vantageous than increasing the number of levels and baking single 
loaves. The latter procedure provides a more rigorous test since it 
takes full account of the total experimental error. It also yields a 
maximum number of degrees of freedom for purposes of examining the 
statistical significance of differences between regression coefficients. 

Summary 

It is shown that the average difference in loaf volume (70 cc) of 
natural flours differing in protein content by 1% is about twice as 
great as the average increase (36 cc) obtained by increasing protein 
content 1% by adding dried gluten prepared by the Aitken-Geddes 
method. Differences in quality were not demonstrated between 
glutens prepared from high, medium and low protein wheats, but 
further replication may show that such differences exist. 
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THE PREPARATION AND DECOLONIZATION OF CEREAL 
EXTRACTS FOR NICOTINIC ACID DETERMINATION 

Kstellk Hausman, Lawrence Rosner, and Howard J. Cannon 

Laboratory of Vitamin Technology, Chicago, Illinois 
(Received foi publication July 16, 1942) 

In the past few years several papers have been published on 
methods of chemical determination of nicotinic acid in biological 
material. The basis of all these methods is the production of a 
colored compound when nicotinic acid reacts with cyanogen bromide 
in the presence of certain amines. A source of difficulty, however, 
is the fact that part of the nicotinic acid may occur in the form of 
nicotinamide or its derivatives, which are biologically active. Since 
these compounds do not react with the color reagents in the same 
manner as does the free acid, they must first be hydrolyzed to the 
acid. The hydrolysis is carried out by heating the test material in 
strong acid or alkali. In the case of cereals this often gives rise to a 
large amount of pigments, and it is in the treatment of the solution 
to eliminate or to circumvent the effect of these pigments that the 
various methods diverge. 

Kodicek (1940) has added acetone or alcohol to precipitate 4 the 
pigment from the colored solution, the organic solvent being subse¬ 
quently evaporated off. Melnick and Field (1940), Melnick, Oser, 
and Siegel (1941), and Waisman and Elvehjem (1941) adsorbed most 
of the pigment on Darco charcoal, the remaining color then being 
corrected for colorimetrically as a blank. These workers claim that 
under the prescribed conditions the charcoal adsorbs pigment but not 
nicotinic acid. Arnold, Schreffler, and Lipsius (1941), instead of re¬ 
moving the pigment, carried out the color reaction and used a selective 
solvent, ethyl acetate, to extract the color produced. Friedeniann 
and Barborka (1941) have found zinc hulroxide precipitation to be 
useful in clearing hydrolysates of blood, urine, and feces. Perlzweig, 
Levy, and Sarett (1940) have shown that nicotinic acid can be ad¬ 
sorbed on and eluted from Lloyd’s reagent, and have advocated this 
procedure together with lead hydroxide precipitation for decoloriza- 
tion of solutions for nicotinic acid determination. Dann and Handler 
(1941) applied this principle to the determination of nicotinic acid in 
animal tissues. These investigators further emphasized the desira¬ 
bility of using solutions for the color reaction as free from pigment as 
possible. They showed that the pigments may themselves react with 
the reagents to increase the color production, thus exaggerating the 
apparent nicotinic acid value. We have studied the method of these 
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workers and have found it, with modification, to he applicable to the 
determination of nicotinic acid in cereals. In our hands more nearly 
colorless solutions were obtained by this method of decolorization 
than by any other we have tried. 

The danger of hydrolyzing cereal samples directly without pre¬ 
liminary extraction has been pointed out by Kodicek (1940), and by 
Waisman and Elvehjem (1941). Most workers have carried out the 
extraction with water in an autoclave or a boiling-water bath. We 
have found in the case of cereals, however, that gelatinization of the 
starch makes the resulting mixture difficult to handle. Bina, Thomas, 
and Brown (1941) have suggested the use of takadiastase at this point. 
But since this increases the color produced during hydrolysis, we have 
found it expedient to extract with tenth-normal sulfuric acid. For 
hydrolysis of the extract, Kodicek (1940) has shown 8% sulfuric acid 
to be sufficiently strong. 

For the final color development we have used a modification of the 
method of Melnick and Field (1940) and Waisman and Elvehjem 
(1941), employing aniline as the amine. Dann and Handler (1941) 
claim that metol is more specific than aniline, but we have found this 
reagent to be rapid and satisfactory. 

Experimental 

To a sample of the finely divided material containing 100-500 /xg 
of nicotinic acid in a 100-ml volumetric flask is added 75 ml of 
0.1 TV H 2 S0 4 , and the mixture is placed in a boiling-water bath for one 
hour. The flask is agitated frequently during this period. At the 
end of the extraction period the contents of the flask are cooled and 
made to volume. The mixture is centrifuged and 20 ml of the super¬ 
natant pipetted into a 50-ml centrifuge tube. Enough concentrated 
H2SO4 is added to make the solution 1.6TV (0.88 ml) and the tube is 
heated in a boiling-water bath for one hour. The contents of the 
tube are adjusted to pH 0.5-1.0 with 65% NaOH using methyl violet 
as an outside indicator. 

Two and a half grams of Lloyd’s reagent is then added and the 
contents of the tube arc stirred for at least one minute. This is 
centrifuged and the supernatant discarded. The Lloyds reagent is 
washed twice with 10-ml portions of 0.27V H2SO4, centrifuged, and the 
supernatant discarded. The tube is inverted after the final washing 
and allowed to drain well. Twelve milliliters of 0.57V NaOH is then 
added and the contents stirred for one minute or longer. This is 
followed by 8 ml of H 2 0 to make the volume of fluid 20 ml. 

The contents of the tube are well mixed and centrifuged. The 
supernatant is poured into another centrifuge tube containing 0.72 g 
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of powdered Pb (N0 3 )2 and stirred well. This is centrifuged and the 
supernatant poured into a third clean, dry centrifuge tube. One drop 
of phenolphthalcin is added, then solid K 3 PO 4 until the solution is 
pink, followed by just enough 20% H 3 PO 4 to bring the solution to 
neutrality. One drop should be sufficient. After centrifuging, the 
clear supernatant is used for the color reaction. 

For the color reaction the method we use is essentially that of 
Melnick and Field (1940). In their method the final solution was 
one-third alcohol. To 3 ml of this solution were added the cyanogen 
bromide and aniline. To determine the color produced by a standard 
quantity of nicotinic acid they added 0.1 ml of alcohol containing 
10 jug of the acid to the 3 ml of unknown. In our procedure 2 ml of 
solution is used, and to this is added 1 ml of alcohol, followed by the 
cyanogen bromide and aniline. For the determination of the color 
produced by a known amount of nicotinic acid, we substituted for the 
1 ml of alcohol, 1 ml of an alcoholic solution of nicotinic acid, con¬ 
taining 10 ng. We have found 95% alcohol to be as satisfactory as 
absolute so far as the reaction and stability of nicotinic acid are con¬ 
cerned. In our experiments the Evelyn photoelectric colorimeter was 
used for color measurement. Application of the method of decoloni¬ 
zation described above to a large number of cereals gave color blanks 
with L values (2 minus log galvanometer reading) seldom exceeding 
0.0088. Nicotinic acid values for a number of cereals as determined 
by this method are shown in Table I. 

TABLE I 

Comparison of Nicotinic Acid Values Oktainld by Hydrolysis of Clrfal 
Extracts wiih 1.6iVH;SC>4 with Those Obtained by Direct 
Hydrolysis of the Whole Samplf with 4YHC1 


Sample 

Hydrolysis of extract 
with 1 6 V IliSO« 

Total hydrolysis 
with 4 AMICI 


UK P” k 

H per g 

1. Whole wheat A 

65 

63 

2. Whole whedt B 

59 

. 61 

3. Whole wheat biead 

- 

64 

4. White flour A 

13.7 

18.0 

5. White flour B 

129 

16.6 

6. Yellow corn meal 

13.3 

20.2 

7 White corn meal 

10.5 

11.2 

8. Corn flakes* 

15.4 

17.3 

9, Rye crackers 

29.2 

29.2 

10. Brown rice 

56 

60 

11. Rice polish 

— 

468 

12. Rolled oats A 

24.0 

25.2 

13. Rolled oats B 

21.2 

— 

14. Soy-wheat bread 

22.7 

- 

15. Roasted soy beans 

38.5 

— 

16. Peanut flour 

361 

- 
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Since hydrolysis of the whole sample with strong HC1 has been 
suggested by a number of investigators we thought it of interest to 
compare values obtained by this method with those by the method 
described. These results are also shown in Table I. In most of the 
experiments hydrolysis of the whole sample with 4ATHC1 gave final 
solutions with as little color as those after hydrolysis of the extract 
with 1.6iVH2S0 4 . However, in the case of two products, white flour 
and yellow corn meal, the solution for the final color reaction contained 
an appreciable amount of yellow pigment when the whole sample was 
hydrolyzed with 4iVHCl, the L values of the color blanks ranging 
from 0.0362 to 0.0555. Coincidentally, these samples (4, 5, and 6) 
gave significantly higher nicotinic acid values by this method than 
by the hydrolysis of the extract with 1.6NH2S0 4 . This bears out 
the contention of Dann and Handler (1941) that a colored solution 
may exaggerate the nicotinic acid value. In the method of Melnick, 
Oser, and Siegel (1941) for determination of nicotinic acid in flour and 
bread, the final solution frequently has a considerable amount of color. 
We feel this to be an objection to the charcoal adsorption procedure. 

It might be argued that the higher nicotinic acid values are nearer 
the truth as the result of a more drastic extraction procedure. To 
test this possibility we extracted white flour by the usual method, 
hydrolyzed the extract with 4 N HC1 and found the same colored solu¬ 
tions and exaggerated values as when the whole samples were hydro¬ 
lyzed. We also hydrolyzed white flour and yellow corn meal directly 
with 1.6iVH 2 S0 4 and obtained colorless solutions, and nicotinic acid 
values no higher than those obtained by hydrolysis of the extract with 
this acid. This shows that the factor causing color and enhanced 
values was the use of 4NHC1, and not the direct hydrolysis. The 
possibility of routinely dispensing with preliminary extraction and 
using direct hydrolysis with 1.6jVH 2 S0 4 is under investigation. 

Hydrolyses of w'hite flour directly with 4iV H 2 S0 4 and with 1.6 N 
HC1 were also carried out. In each case the nicotinic acid values 
were increased in proportion to the amount of {figment present in the 
solution. Hydrolysis with 1.6iVHCl gave a solution with a very 
slight color, while 4iV H 2 S0 4 gave somewhat more. The pigment re¬ 
sulting from hydrolyses with 4iVH 2 S0 4 , however, w^as not nearly as 
great as that from 4AfHCI, indicating that this effect is more pro¬ 
nounced with hydrochloric than with sulfuric acid. 

Two typical recovery experiments are shown in Table II. While 
the recovery of added nicotinic acid is good, it must te borne in mind 
that good recovery is no guarantee of completeness of extraction. 
It is, however, an indication that no significant amount of nicotinic 
acid is lost in the purification procedure. 



86 


NICOTINIC ACID DETERMINATION 


Vol 20 


TABLE II 

Recovery of Nicotinic Acid Added to Samples of White Flour 



Nicotinic acid found 

Recovery 


MJ? 

% 

10 g white flour 1 

152 

— 

10 g white flour 1 plus 100 fxg nicotinic acid 

246 

94 

10 g white flour 2 

148 

— 

10 g white flour 2 plus 100 /ug nicotinic acid 

243 

95 


Summary 

A method is described for preparing colorless solutions of cereal 
extracts for nicotinic acid determinations. This method is based on 
adsorption on and elution from Lloyd’s reagent, followed by treatment 
with lead hydroxide. Nicotinic acid values for various cereals, as 
determined by this method, are presented. 

Evidence is presented indicating that the use of 47V HC1 for hy¬ 
drolysis may give colored solutions and exaggerated nicotinic acid 
values for some cereals. 
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STABILITY OF WHEAT GLUTEN DISPERSIONS TOWARD 
REDUCING AGENTS IN THE PRESENCE AND ABSENCE 
OF A GLUTEN PROTEINASE 

H. S. Olcott, L. A. Sapirstkin, and M. J. Bush 

Western Regional Research Laboratory, Bureau of Agricultural Chemistry and 
Engineering, U. S. Department of Agriculture, Albany, California 

(Read at the Annual Meeting, May 1942) 

As part of a comprehensive program of wheat protein research in 
this laboratory, methods for obtaining stable gluten dispersions were 
required in order to ensure against alterations of the proteins during 
the extended time periods that might be involved in fractionation 
operations. 

Numerous investigators have commented on the instability of glu¬ 
tens in alkaline solutions (Blish and Sandstedt, 1929, and others). 
According to Larmour and Sallans (1932), the most satisfactory method 
for separating wheat proteins was that first proposed by Blish and 
Sandstedt (1925), utilizing the solubility and relative stability of the 
gluten proteins in dilute acetic acid. However, Rose and Cook (1935) 
observed appreciable decreases in the viscosities of such gluten solutions 
with time, which they interpreted as indicating instability of the pro¬ 
tein in the solvent. In a later article, the same authors (Cook and 
Rose, 1935) reported hydrolytic changes in acetic acid dispersions of 
gluten. They found that dispersions of greater stability could be 
obtained with two neutral reagents, urea and sodium salicylate, and 
that the latter was particularly useful for fractionation purposes. 

In the present series of investigations, it was observed that the loss 
in viscosity of acetic acid dispersions of gluten could be prevented by 
heating to near boiling temperature for a few minutes. Tt may be 
concluded, therefore, that the hydrolytic changes in the unheated 
dispersions were due to a proteolytic enzyme which was destroyed by 
heat treatment. Not only did the heating of the gluten dispersion in 
acetic acid produce no coagulation or precipitation, as previously ob¬ 
served by Cook and Rose (1935), but there was also no evidence from 
salting-out behavior that the gluten properties had been significantly 
altered. 

As a further objective of the research program, the effects of various 
reagents on the properties of gluten are being studied. The results 
with reducing reagents are of interest in connection with a controversial 
issue concerning the nature of the rapid and pronounced softening 
action produced when small quantities of certain reducing agents 
(cysteine, glutathione, sulfide, etc.) are added'to bread dough. Jor¬ 
gensen (1936) and Balls and Hale (1936a) independently suggested 
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that this action was attributable primarily to an activation of a flour 
proteinase by the reducing agent. On the other hand, Balls and Hale 
(1936b) and Ford and Maiden (1938), using different experimental 
approaches, suggested that the effect of the reducing agents was not 
explainable entirely on the basis of proteinase activation. Incon¬ 
trovertible evidence for either viewpoint has been lacking. 

The availability of gluten that has been freed from proteinase 
activity without apparent loss of its essential and distinctive properties 
makes it possible to obtain evidence bearing directly on this issue. It 
has now been found that reducing agents produce characteristic effects 
upon gluten in the complete absence of any proteinase as will be described 
below*. 

Experimental Methods 

Gluten was obtained from commercially milled unbleached bakers’ 
flour, the starch being removed by manipulation in tap water in the 
usual manner. Dispersions in acetic acid, sodium salicylate, and urea 
were made by adding the washed gluten to predetermined amounts of 
the solvent in the Waring Blendor, followed by separation of the 
remaining starch and a small fraction of insoluble protein in a Sharpies 
supercentrifuge. 

Viscosities were measured in modified Ostwald viscometers at 
24.8°C. Unless otherwise indicated, storage experiments also were 
run at this temperature. The usefulness of the Sprenson formol titra¬ 
tion method was extended by the step of adding, just prior to the titra¬ 
tion, solid urea to the extent of approximately’ 20% of the aliquot used. 
This technique 1 prevents the precipitation of gluten during the addi¬ 
tion of the alkaline titrating solution. The nonprotein nitrogen frac¬ 
tion was determined in duplicate after precipitation of the proteins 
with 10% trichloroacetic acid (final concentration). A semimicro 
Kjeldahl method was used for the determination of nitrogen; where 
conversion to protein was required, the 5.7 factor was employed. In 
order to subject gluten dispersions to approximately 100°C tempera¬ 
ture, the samples, in small test tubes with slotted cork stoppers, were 
placed in a steam bath for the required length of time. A glass elec¬ 
trode was used for pH determinations. 

Demonstration of the Enzymatic Nature of Gluten Decomposition in 
Dilute Acetic Acid Dispersion 

Gluten dispersions in acetic acid solution (0.01-0. IN) showed a 
decrease in viscosity and accumulated increasing amounts of non¬ 
protein nitrogen components on standing, as shown previously by Rose 


1 Suggested by Dr. Hans Lineweaver. 
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and Cook (1935; Cook and Rose, 1935). In addition, there were 
measurable increases in the alkali required for the forraol titration, 
indicating the liberation of amino groups. However, when the original 
gluten solutions were heated for 5 to 10 minutes at 100°C, viscosity, 
forniol titration, and nonprotein nitrogen remained constant or changed 
only slighth as compared to the unheated dispersion. The results of 
such observations for a dispersion in 0.17V acetic acid are shown in 
rigure 1. 



lM|f. t ( haiiRts ill unhealed and heated (10 nun at 100°C) acetic acid (0.1 A) dispcibions ot 
gluten (6 3 mg N per ml) upon standing at 25°C. Formol titration data arc expressed in terms of ml 
of 0.1 A r NaOII required per g of gluten 
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In order to determine whether the enzyme responsible for these 
changes was capable of hydrolyzing heat-treated gluten dispersions, 
the decreases in viscosity of mixtures of heated and unheated gluten 
dispersions were followed. In all cases, the loss in viscosity was greater 
than that calculated on the assumption that the unheated portion only 
was undergoing change (Table I), indicating that the enzyme was 
affecting both heated and unheated proteins. 


TABLE I 

Relative Viscosity Changls in Mixturls of Unheated and Heated 1 
Gluten Dispersions 2 at 25°C 


Dispersion 

1 hr 

45 lira 

122 hrs 

169 hrs 

Unheated 

4.4 

3.2 

2.6 

2.5 

Heated 

4.6 

— 

— 

4.6 

Unhealed -f heated (1 : 1) calc. 3 

4.5 

3.9 

3.6 

3.5 

Unheated -f heated (1:1) found 

4.4 

3.7 

3.0 

2.9 

Unheated -f heated (1 :4) calc. 

4.5 

4.3 

4.2 

4.2 

Unheated + heated (1 :4) found 

4.5 

4.0 

3.5 

3.3 


1 Heated 10 minutes at 100°C. 

* Contained 8 11 mg N per ml in 0 12V acetic acid; pH. 3 7. 

3 Calculated on the assumption that the relative viscosities were additive 1 ha differences 
between the calculated and found viscosities are larger than the inaccuracies inherent in such an 
assumption. 

Further analysis of such data by the method of O. Bodansky 
(1937), as illustrated in Figure 2, showed that for any specific change in 
the viscosity of mixtures of heated and unheated gluten dispersions 
the product of the concentration of unheated gluten and time was 
approximately constant. This relation holds only for enzyme systems 
in which the course is not complicated by side reactions. It may 
therefore be concluded that (1) the drop in viscosity is due to an enzyme 
present in the unhcated gluten, (2) the enzyme reacts upon heated 
gluten as well as upon the unheated protein and (3) the rate of diges¬ 
tion of the heated gluten is the same as that of unheated gluten. It is 
realized that measurements of enzyme activity in terms of viscosity 
change arc difficult but the consistency of the data and the fact stated 
previously, that the decreases in viscosity were greater than could be 
accounted for by changes in the unheated gluten alone, would seem 
to validate the conclusions in this case 

Effect of Heat on Gluten Dispersions 

There was no detectable coagulation observed when either acetic 
acid or sodium salicylate (10%) dispersions of gluten were heated at 
100°C for 5 to 30 minutes. A comparison of salt-precipitation curves 
for unheated dispersions and for dispersions heated 5 to 10 minutes 
suggested that no significant changes in solubility had occurred. 
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Fir. 2. The interchangeability of tune and proteinase concentration (unheated gluten con¬ 
centration) with regard to the change m xelatue wscomU of mixtures of heated and unheated gluten 
dispersions (see also Table I). 

Gluten recovered from the heated solutions by salting out with mag¬ 
nesium sulfate possessed the kneadability and elasticity of the original 
protein. As shown above, heated dispersions of gluten were attacked 
by the gluten proteinase at rates equal to those shown by unheated 
dispersions. These combined observations strongly suggest that the 
heat treatment of gluten dispersions in dilute acetic acid or sodium 
salicylate does not cause extensive denaturation in the commonly 
understood definition. On the other hand, it is well known that sub¬ 
jecting gluten, not in dispersion, to similar conditions results in irre¬ 
versible changes. It may be observed that short-time heat treatment 
caused variable, relatively small changes in the viscosity of the gluten 
solutions. In some cases, as in Figure 1, the viscosity was increased; 
in others, as in Figure 3, it was decreased. The significance of these 
findings is being investigated more fully. 
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Solubility of the Gluten Proteinase 

Numerous attempts to prepare enzyme-free gluten by intensive 
washing of the gluten using successive disintegrations (Waring BIcndor) 
in dilute salt solutions or distilled water, or by repeated re-solution in 
acetic acid and reprecipitation by salt or alkali addition, were not suc¬ 
cessful in removing the enzyme. The final products, after solution in 
dilute acetic acid, showed decreases in viscosity at rates comparable 
to the original glutens. In fractionations of washed gluten, the enzyme 
was found to follow the glutenin rather than the gliadin fraction. The 
apparent lack of solubility of the gluten proteinase in dilute salt solu¬ 
tions or water may differentiate it from the flour proteinase previously 
described (Hale, 1939) which is dispersed in these solvents. 

Reversible Inactivation of Gluten Proteinase 

C ook and Rose (1935; Rose and Cook, 1935) showed that disper¬ 
sions of wheat gluten in 10% sodium salicylate were stable as indicated 
by viscosity and nonprotein nitrogen changes. Recently McCalla and 
Gralen (1942) found that the sedimentation behavior of a wheat gluten 
dispersion in sodium salicylate (8%) had not changed after standing 
for two months. In the present series of investigations, it was deter¬ 
mined that the formol titration also did not change, at least for seven 
days at 25°C. The gluten proteinase is therefore inactive in 10% 
sodium salicylate. In order to determine whether such inactivation or 
inhibition was reversible, a sodium salicylate dispersion was dialyzed 
until the salicylate was completely removed. The precipitated gluten 
was then redispersed in acetic acid. A fall in viscosity with time, 
characteristic of the presence of the enzyme, was observed. However 
when the salicylate dispersion was heated at 100°C for 10 minutes prior 
to the dialysis, the viscosity of the subsequent acetic acid dispersion 
remained relatively constant. The enzyme is thus reversibly inac¬ 
tivated in 10% sodium salicylate. Permanent inactivation can be 
affected b> heating the enzyme in the reversibly inactivated state. 

Acidification of a salicylate gluten dispersion to pH 4.8 without 
precipitation was possible in the presence of 20% urea. Such a 
solution showed no drop in viscosity with time, whereas in the absence 
of the salicylate, a decrease in viscosity did occur. It is evident that 
the inhibition of the enzyme by the salicylate ion is specific and not due 
to the higher pH value (7.0) of sodium salicylate solutions. 

The inactivity of the gluten proteinase in 10% sodium salicylate 
differentiates it from commercial papain, the activity of which was 
readily demonstrated in such an environment. Other papain-type 
proteinases were not investigated. One drawback in the use of salicy- 
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late dispersions for gluten investigations is indicated by these observa¬ 
tions. Whenever, in subsequent manipulations, the salicylate is re¬ 
moved, the enzyme will again function as a modifying agent on the 
protein system. 

Sosedov, Vakar and Drozdova (1940) have suggested the use of 
sodium salicylate (12%) dispersions of gluten as substrates for the 
assay of the enzyme activity of wheat samples. The present observa¬ 
tions indicate that only proteolytic enzymes having properties differing 
from those of the gluten enzyme could be thus detected. Such en¬ 
zymes apparently occur in germinated and probably in infested grains 

Effect of pH on Gluten Proteinase Activity 

Because the original viscosities of the gluten solutions are them¬ 
selves affected by pH, it is difficult to use changes in viscosity at dif¬ 
ferent pH levels as a measure of the pH-enzyme activity relationship. 
Figure 3 shows that the viscosity of an acetic acid dispersion increases 



Fig. 3. Effort of pH on oiiginal \ iscosity and subsequent < Imnge of \ iscosity with time of gluten 
dispersions (4.82 mg N per mU m acetic acid pH 3 0 coiresponds to 0 6 .V acetic acid, pH 3.6 to 0.1 V 
acetic acid, and pH 4 1 to 0.025 .V acetic acid appio\imatel\ 1 he dotted lines tepresent the changes 
in viscosity of heated samples (10 nun at 100°('). 

as the pH is lowered from 4.1 to 3.0. Although the more viscous 
solutions are more drastically affected by the enzyme, this may be the 
result of the physical state of the protein, and does not necessarily 
indicate increasing rates of hydrolysis. However, formol titration 
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results show that the enzyme is most active at a comparatively low 
pH (3-4). 

Effect of Reducing Agents on Gluten Dispersions Free From 
Enzyme Activity 

Two systems were available for investigation: salicylate and heat- 
treated acetic acid dispersions. In the first case the enzyme was 
temporarily inactivated because of its environment; in the second case 
it had been permanently inactivated by heat. In both cases, imme¬ 
diate and drastic decreases in viscosity followed the addition of dilute 
solutions of cysteine, monothioglycol, sodium bisulfite, and potassium 
cyanide. That the decrease in viscosity could not be attributed to 
enzymatic activity was definitely indicated by the constancy of the 
formol titration. Some of the results are indicated in Tables II and 
III and Figure 4. 

TABLE II 

Comparison of Enzymatic Change in Unheated Gluten Dispersion with 
Effect of Monothioglycol on Heated Gluten 
Dispersion at iSX 1 


Dispersion 

Relative \ iscosity 

Formol titration 3 

1 hr j 

42 hrs 

0 hr 

42 hrs 

Gluten 

4.0 

2.8 

1.3 

2.0 

Heated gluten 3 

4.6 

4.6 

1.3 

1.3 

Heated gluten -f O.OlAf monothioglycol 

3.9 

2.1 

1.1 4 

LI 


1 All solutions contained 6 3 mg N per ml in 0 1 X acetic acid, pH 3 7 

* As ml 0.1 N NaOH required per g ol gluten 

* Heated 5 minutes at 100°C. 

« The presence of thioglvcol results in a decrease in titiatable acid rhioglycol has an acidic SI I 
group which reacts with formaldehyde, releasing alkali 


TABLE III 


Effect of Sodium 

Bisulfite (0.004.A/) on a Heated Gluten 
0.0IN Acltic Acid at 40°C 1 

Dispersion in 

Time after 

Relative 

Time after 

Relative 

addition 

v iscosity 

addition 

\ iscosity 

nun 


mm 


0 

3.0 

10 

2.53 

2 

2.86 

14 

2.49 

4 

2.72 

31 

2.34 

6 

2.63 

44 

2.29 

8 

2.59 




1 In contrast, sodium l sulfate in the same concentration caused no eimilat progressive decrease 
in viscosity. 


Effect of Reducing Agents on the Gluten Proteinase 

As shown in Table IV, thioglycol caused a slight increase in the 
rate of hydrolysis of gluten by its proteinase in 0. IN acetic acid. This 
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Eig 4 Effects ol a reducing agent Ononothioghcol. 0 01 W) on unheated and heated (10 mm 
at 100°C) gluten dispersions (6.3 mg N per in!) in acetic acid (0.1 N) at 25°C. 

result was observed also with the other reducing agents previously 
mentioned. The activation with all reducing agents was relatively 
unimportant in degree. 


Discussion 

The occurrence of proteolytic activity in flours is now accepted, and 
the properties of a flour proteinase have been described by Bails and 
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TABLE IV 

Effect of Monothioglycol as Activator for Gluten Proieinask 



j Formol titration* 

Nonprotein nitiogcn 8 

Dispersion 

— 

( 

— _ 

- 


1 lir 

2T7 hrs 1 

18 firs 

240 fits 

Gluten 1 

1.3 

3.8 

2.8 

11.3 

Gluten •+• thioglycnl (0.01 Af) 

1.2 

4.6 

3.5 

12.7 


1 In 0 1 N acetic acid, pH 3 7, contained 6 3 mg N per mi final concent l at ion. 

* As ml of 0 1 N NaOH pel g of gluten. 

* As percentage ol total nitrogen. 


Hale (1936a), Jorgensen (1936), Halo (1939) and others. That a 
proteinase is closely associated with gluten and cannot be washed out 
has not, however, previously been reported. It remains to be deter¬ 
mined whether the gluten enzyme differs in other respects from the 
flour proteinase previously described. 

The importance of the 1 gluten enz>me in baking technology is 
problematical. The activity is so weak, even after activation, that it 
is doubtful whether it can play an important role. That the enzyme is 
more active in the pH range 2 to 4, than in that ordinarily encountered 
in doughs, tends to confirm such an interpretation. 

J0rgensen (1936) and Halls and Hale (1936a) (see Hale, 1939, also) 
suggested independently that the remarkable softening effect of reduc¬ 
ing agents on doughs and glutens could be attributed to their activation 
of native proteinases, although the latter authors pointed out that a 
direct chemical effect on the gluten could not be ruled out. The 
present evidence shows that, in addition to their activation of native 
proteinases, reducing substances exert profound changes on gluten in 
dispersion even though (1) the gluten proteinase's have been destroyed 
by heat or (2) tin* gluten proteinases have been entirely inactivated in 
the presence of 10^ sodium salicylate. It may be concluded, in 
confirmation of the suggestion of Ford and Maiden (1938) (see also 
Halls and Hale, 1936), that the effect of reducing agents in glutens and 
Hours is primarily a chemical one on the protein molecule and only 
secondarily that of activating the native proteinases present. The 
possibility that the increased digestibility of gluten by papain-type 
enzymes in the presence of reducing agents may be due in part to the 
altered gluten, rather than to a specific activation of the enzyme, 
deserves consideration. 


Summary 

Gluten dispersions in dilute acetic acid may be stabilized by heating 
for 5 to 10 minutes at 100°C. The solubility characteristics of the 
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gluten proteins are not appreciably altered, but an enzyme (proteinase) 
responsible for the instability is destroyed. The proteinase is inac¬ 
tivated or inhibited in 10% sodium salicylate but activity is restored 
and the proteinase-induced hydrolysis continues if the salicylate is 
removed. Reducing agents increase the enzymatic hydrolysis slightly 
but they also drastically reduce the viscosity of gluten freed from 
enzyme activity by heat or by the presence of 10% sodium salicylate. 
It is concluded that the primary effect of reducing agents on glutens 
is a chemical one upon the proteins and only secondarily that of enzyme 
activation, and it is suggested that a similar explanation may be 
applied to the effect of reducing agents, but not necessarily oxidizing 
agents, on doughs. 
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THE COMPLEMENTARY BAKING PROPERTIES OF 
MINNESOTA SPRING AND WINTER WHEAT 
VARIETIES ' 

Paul P. Mkrritt and \Y. F. Gkuuks 

Divi-ion of Agricultural Biochemistry, University of Minnesota, 

St. Paul, Minnesota 

(KcMtl at the \initial Meeting. May 1942) 

In evaluating the quality of new wheat varieties produced by plant 
breeders, laboratory studies are carried out on individual samples and 
the results compared with those obtained with varieties of established 
commercial value grown under the same environmental conditions, 
linking tests using different formulas and procedures are emploved 
which under ideal conditions are designed not only to reveal the in¬ 
herent strength of the sample but also to secure measures of mixing, 
length of fermentation, and oxidation requirements necessary to obtain 
an optimum loaf. In a recent paper Goddes (1 ( >41) has expressed the 
view that a new’ variety should gi\e satisfactory and, preferabh , opti¬ 
mum results in milling and baking when processed in the* same manner 
as the “standard variety , M if it is to meet with ready acceptance by the 
trade. Definite inferiority in any one important quality characteristic 
is generally regarded as sufficient to render a variety unsuitable for 
release even though it is superior to the standard in certain particulars. 
In other words the new wheat must yield a flour which is “well- 
balanced” in regard to the various attributes of quality. 

Not infrequently, hybrids of superior agronomic characteristics are 
produced w r hich tests indicate to be of lower strength or to possess 
certain baking properties which depart somewhat from those of the ac¬ 
cepted standard. l T nder such circumstances it is.difficult indeed to 
reach a decision. Commercially, such a variety would show r consider¬ 
able variation in characteristics as a result of being grow n under various 
soil and climatic conditions and would normally be milled in mixtures 
with other varieties or classes of wheat. It may be argued with Con- 
sideiable justification that it would be to the miller's advantage to have 
wheat varieties available which differ in certain inherent quality charac¬ 
teristics such as mixing requirements and dough handling properties. 
By judicious wheat selection and blending he would Ik* in a better 
position to produce uniform flour of the desired characteristics, for the 
various classes of trade which he serves. 

The question arises as to whether laboratory tests conducted on 
pure varieties are fully adequate indices of the commercial value. 
Minor variations from the standard in baking characteristics may not 

1 PdptM No 207, Scipntifu Journal Soncs, Minnesota Yrik ultuial Exprnmcnt Station. 
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be discernible in blends. Moreover, different varieties when blended 
may complement each other, thereby producing a flour of superior 
baking properties to that which would be predicted from a knowledge 
of the characteristics of the individual components. There is little 
information in the literature on this subject although the writings of 
English cereal chemists indicate that there are considerable differences 
in the compatibility of different world wheats in blends. Larmour 
(1931) included a blend formula in a study of the relation between 
wheat protein content and loaf volume of the flours milled therefrom. 
In an effort to secure more useful information regarding the carrying 
power of Canadian wheats when used in such representative blends 
as European millers and bakers employed, Geddes (1935) introduced 
a blend formula in the routine testing of average samples of the various 
grades of the Western Canadian wheat crop. In both these studies, 
the flour under investigation constituted 50% of the blend. In view 
of the almost limitless number of blends which may be prepared and 
the difficulties involved in interpreting the results, it is not at all sur¬ 
prising that little work of this nature has been reported. 

The authors were led to undertake the preliminary series of blend 
baking tests reported here in an effort to secure additional information 
which might be of value in reaching a decision as to whether a new 
rust-resistant, high->ielding hard red spring wheat variety named 
Merit should be distributed. Tests in several laboratories indicated 
that this \*iriet> was of low’ strength but there w r as a question as to the 
adequate of the methods since the application of several baking formu¬ 
las by one laboratory indicated that the variety possessed relatively 
higher inherent strength when baked In a commercial-type formula. 
It seemed that its inherent strength might better be revealed by meas¬ 
uring its earning power for Minnesota hard winter wheat flours in 
comparison with other spring wheats as controls. While these blend¬ 
ing studies are limited in scope and are of a preliminary nature, they 
are presented as an indication of the possible value of this technique 
in variety studies. 

Experimental 

Composite samples of three experimentally milled spring wheat 
flours representing Merit (strain 3), Thatcher and a Thatcher back 
cross were each blended with 25, 50, and 75% of a winter w r heat flour, 
experimentally milled from a Minnesota-grown Minturki back cross. 
Similar blends were prepared with two of the spring wheat flours, 
namely Thatcher and the Thatcher back cross. The protein contents 
of the flours, expressed on a 15% moisture basis w'ere: Thatcher 12.9%, 
Merit-3 13.1%, Thatcher B.C. 14.8%, and Minturki B.C. 12.7%. 
The original flours and blends w^ere baked by the regular A.A.C.C. 
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formula, as outlined in Cereal Laboratory Methods (4th ed., 1941), but 
with the addition of 0.001% potassium bromate. A differential baking 
procedure, involving two mixing times of 2 and 4 minutes in the 
Hobart-Swanson mixer, and two fermentation periods of 2 and 3 hours, 
was used. Two hundred grams of flour was mixed each time and two 
150-gram doughs, one for each fermentation time, scaled off immedi¬ 
ately after mixing. The doughs were punched in the National dough 
sheeter and baked in the low-form tins described by Markley (1940). 
All bakings were made in duplicate on different days with the exception 
of the blends of the two spring-wheat flours for which insufficient 
material was available. 

The mean loaf volumes obtained are represented graphically in 
Figure 1. It is evident that the unblended flours as a group differ 
appreciably not only in general strength but also in the extent and 
nature of their responses to the different mixing and fermentation times 
employed. Thus the mean loaf volumes for all treatments combined 
are 800 cc for Thatcher, 789 cc for Thatcher B.C., 684 cc for Merit-3, 
and 758 cc for Minturki B.C. All the varieties gave their lowest 
volumes with 4 minutes of mixing and 3 hours of fermentation, but 
of the spring wheat flours, Merit showed the least variation with treat¬ 
ment and the Thatcher back cross the greatest. The winter wheat 
Minturki B.C. gave very similar loaf volumes for all other treatments, 
although a short mixing and fermentation requirement is suggested b> 
the fact that it gave its greatest volume with 2 minutes of mixing and 
2 hours of fermentation. In contrast, Thatcher required 4 minutes of 
mixing and 2 hours fermentation to produce its best loaf. Thatchei 
B.C, gave an optimum loaf volume with 2 minutes of mixing and 2 
hours of fermentation, indicating that this wheat is more similar to the 
winter wheat variety than Thatcher in its mixing and fermentation 
requirements. As Merit yielded its best loaf with 2 minutes of mixing 
and 3 hours of fermentation, this variety appears to be characterized 
by requiring a longer fermentation time than any of the others 

Markley (1937) has emphasized the importance of employing a dif¬ 
ferential baking test which will give a rough measure of the mixing, 
fermentation, and oxidizing requirements of the flours under study. 
As exemplified by the present results, the application of this principle 
has proved very useful in variety testing at this institution. While 
more extensive studies employing various mixing and fermentation 
times are obvio lsly necessary to establish definitely the optimum 
requirements for a given flour, the differentials employed are sufficient 
to show major departures in these respects from the ideal which is 
being sought. This information is always considered in conjunction 
with the absolute volumes which are taken as a measure of strength. 



Jan., 1943 


PAUL P. MERRITT AND W. F. GEDDES 


101 


Turning now to a consideration of the loaf data obtained for the 
blends, these do not appear to bear a strictly additive relationship to 
the volumes of the two components; while the extent of the departure 
varies somewhat with the varieties, its magnitude and also its direction 



M - 3 100 75 50 25 0 T 100 75 50 25 0 

MBC 0 25 50 75 100 MBC 0 25 50 75 100 


COMPOSITION OF BLEND % COMPOSITION OF BLEND % 


Thatcher ac minturki b c thatcher thatcher b c 



TBC 100 75 50 25 , 0 T 100 75 50 25 0 

M.&C. 0 25 50 75 100 TEC 0 25 50 75 100 


COMPOSITION OF BLEND •/• COMPOSITION OF BLEND V. 

Htg 1 . Loaf volumes of mdiwdual flours and blends for different baking treatments. 

are more influenced by the baking procedure. Thus the average dif¬ 
ference between the observed and calculated volumes of the 25%, 50%, 
and 75% blends was +31, +14, and +23 cc for Thatcher, Thatcher 
B.C., and Merit-3, respectively, when baked after 2 minutes of mixing 
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and 2 hours of fermentation. For 2 minutes of mixing and 3 hours of 
fermentation the corresponding divergences were +27, +40, and +18 
cc; for 4 minutes mixing and 2 hours of fermentation —23, —8, and 
+2 cc, respectively; and for 4 minutes of mixing and 3 hours of fer¬ 
mentation +5, +15, and —18 cc, respectively. The question arises 
as to whether or not these differences between the observed and ex¬ 
pected values represent real departures from linearity. Unfortunately, 
there are not sufficient data available for any one blend and baking 
procedure to determine with any degree of precision whether curves 
would fit these data better than straight lines. However, several of the 
differences between the observed and calculated values exceeded twice 
the standard error for the particular baking procedure employed. 
In other cases, such as the Thatcher and Minturki B.C. blends mixed 
2 minutes and fermented 3 hours, the divergence is positive for all the 
mixtures, although no individual blend gave a significantly greater 
loaf volume than the calculated value. While it cannot be stated that 
complementary effects have been demonstrated the data are suggestive. 

It is of particular interest to note the influence of the baking method 
on the direction and magnitude of the apparent departure pf the loaf 
volumes of the blends from purely additive functions of the volumes 
of the component flours. These results indicate that the demonstra¬ 
tion of complementary effects will depend both upon the properties of 
the wheats or flours under study and the baking methods employed. 
Where a strong wheat or flour exhibits “carrying power” or “reserve 
strength” for a weaker one, it is probable that the baking procedure 
employed is more nearly optimum for the blends than it is for either of 
the two components. On the other hand, where the baking method 
is more nearly optimum for the components than for the blends, the 
blend values would be expected to be less than those calculated on an 
additive basis. 

These results must be regarded as preliminary in nature and are 
presented merely as an indication of the utility of employing differen¬ 
tial baking procedures in evaluating wheat and flour strength and 
blending properties. 

Summary 

Flours representing three spring wheat varieties, Thatcher, a 
Thatcher back cross, and Merit, and one winter wheat variety, 
Minturk* back cross, were baked by a differential procedure employing 
mixing times of 2 and 4 minutes and fermentation times of 2 and 3 
hours. Flour blends containing 25%, 50%, and 75% of the winter 
wheat flour were made with each of the spring wheat flours and baked 
by the same procedures. 
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The relative strength of the unblended flours, arranged in decreasing 
order, as indicated by the average loaf volumes for all treatments, was: 
Thatcher, Thatcher back cross, Minturki back cross, and Merit, but 
the varieties differed markedly in their response to the different baking 
procedures. Merit and Minturki back cross exhibited The least dif¬ 
ferences between the various treatments and Thatcher back cross the 
greatest. The use of differential baking treatments in variety testing 
is valuable in providing an indication of the mixing and fermentation 
requirements. 

Loaf volumes of the blends did not appear to be proportional to the 
calculated values based on the volumes of the component flours, the 
direction and magnitude of the divergences depending to a large extent 
on the baking procedure. 

The studies must be regarded as preliminary in nature but are 
indicative of the utility of differential baking procedures in evaluating 
wheat and flour strength and blending properties. 
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THIAMIN IN PRODUCTS OF COMMERCIAL 
RICE MILLING 1 

M. C. Kik 

Agntuhui.il Chemistry Depaitinent, University of Arkansas, 
Fayetteville, Arkansas 

l Received lor publication July 7, 1942) 

Several publications (Nordgren and Andrews, 1941; Conner and 
Straub, 1941) have reported the thiamin contents of cereal grains other 
than rice. In those papers the importance of cereals as a dietary source 
of thiamin has been emphasized. 

This investigation deals with the thiamin content of rice, which is 
the main cereal crop in the Orient and an increasingly important one 
in the southern states. It has been known to be a good source of the 

* Research papei No. 746 Journal Series, University of Arkansas, published with the approval of 
the Director ot the Arkansas Agricultural Experiment Station. 
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anti-beri beri vitamin since the experiments of Eijkman (1889) and of 
Grijns (1901). However, no intensive investigation has been made 
of the fate of thiamin during the commercial milling process. 

As the first step in milling (Reed and Liepsner, 1917) hulling stones 
remove the hulls from the previously cleaned rough rice, leaving brown 
rice and the hulls. By friction, part of the bran layer from the outside 
kernel and most of the germ are removed from the brown rice with the 
aid of hullers. First-break htiller rice is obtained with first-break bran 
as a b> -product. The kernels are next conveyed to a second set of 
hullers, which remove more bran and leave second-break liuller rice 
and second-break bran. In some mills, in addition, a pearling cone is 
also used in this step, which gives pearling-cone rice and a by-product 
which is called pearling-cone polish or pearling-cone meal. 

In order to remove more of the inner coat and to give the rice a 
smoother finish, it is removed to the so-called brush. The products 
here obtained are brush rice and brush polish. 

The rice milling, then, consists of the removal of hulls and outer and 
inner-bran layers in order to obtain a product of suitable apj)carance 
and attractiveness. The milled, clean rice is now separated,into dif¬ 
ferent grades. The unbroken kernels are known as head rice, which is 
given a high finish with the aid of a small amount of glucose and talc. 
The broken kernels are known as second heads, screenings, and brewer’s 
rice. 

Experimental 

Samples of the same mill lots, gathered at suitable time intervals, 
were obtained, during the milling season of 1941-42 from various rice 
varieties. 2 Others were taken from the same variet\ of different mill 
lots in order to find out possible differences due to the milling or to 
other environmental factors. Samples of the following varieties and 
mill lots were investigated: Supreme Blue Rose, medium grain variety, 
mill lots 551 and 606; Early Prolific, medium grain variety, mill lots 569 
and 663; Fortuna, long grain variety, mill lot 635; Lady Wright, long 
grain variety, mill lot 768; and Improved Blue Rose, medium grain 
variety, mill lot 778. All of the samples w ere from rice varieties grown 
in fields which were not fertilized and which were irrigated by well 
water. The varieties were grbwn in Arkansas except Improved Blue 
Rose, which was grown in a Louisiana field. 

The samples were analyzed for thiamin hydrochloride by the thio- 
chrome method, with the adaptation of the Hennesy and Cereccdo 
procedure (1939). 3 The method as used in our laboratory is briefly as 
follows: Samples of 1 to 15g (depending on vitamin content) are sus- 

* Samples were obtained from the Walton Mill, Inc., Stuttgart, Arkansas 

8 As carried out m the laboratories of Merck and Co., Rahway, N J. 
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pended in 75 ml of O.liV H 2 SO 4 , autoclaved in a pressure cooker for 
20 minutes at 15 pounds pressure, cooled, adjusted to pH 4.0 to 4.5 
with 2N sodium acetate solution with brom cresol green as indicator. 
Five ml of 10 % takadiastase solution is added, mixed, and incubated 
at 50°C for at least 1 hours. After incubation the mixture is cooled, 
made up to 100 ml, and filtered. Aliquots of the clear extracts are used 
for the thiamin determination. 

Thiamin occurs in two forms, in the free form and in the bound form 
as a pyrophosphoric ester or cocarboxylase. The bound form is 
changed to the free form with the aid of an en/ymatic hydrolysis, and 
the two forms make up the total thiamin of the sample. A test without 
enzymatic hydrolysis gives the amount present in the free form and the 
difference between this and the total represents the thiamin present 
in the bound form. Values for both free and bound thiamin have been 
determined for one set of samples. The thiamin content is expressed as 
micrograms per gram of dry material. 

Results 

The data in Table 1 show that rough rice or paddy and whole brown 
rice container! about 3 n g of thiamin (approximately 1 International 
Unit) per gram, while brown rice contained slightly more thiamin than 
rough rice. During the milling or bleaching process a considerable part 
of the thiamin is removed. Whole rice of Supreme Blue Rose variety 
(mill lot 551) had a thiamin content of 2.58 per gram of dry matter, 
which was reduced to 0.74 per gram in milling—a loss of 71.3%. 
In the second mill lot (606) of the same variety 81.7% was lost and 
only 18 3 ({ remained in the polished rice. Similar losses have been 
found for the other varieties and mill lots. 

Karh Prolific (mill lot 569) lost 81.5%, and 80.6% was removed 
in the second mill lot 663. Fortuna lost 82.3% and the losses in Lady 
Wright and Improved Blue Rose were 86.5% and 77.8%, respectively. 

As an average of the seven mill lots investigated 19.8% of the 
thiamin, originalK present in the w hole brown rice, remained in the end 
product sold for human consumption and 80.2% had been removed. 

Small differences were found in the thiamin contents of brown rice 
of different varieties and even in those of different mill lots of the same 
variety. This may be due to the fact that milling is not a standard 
procedure, since readjustment of the huller blades may take place dur¬ 
ing the milling process. However, rice from a different mill lot might 
have grown under slightly different field conditions even in the same 
field and this might be responsible for the observed difference. Further 
studies are under way to reveal the influence of variety. In the process 
of milling, most of the thiamin is removed by the hullers (first and 
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TABLE I 
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11 0 
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20 00 | 
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1 Obtained lrom one mill 

* All varieties are from fields which were not fertilized and were irrigated by well water 

* Pearling cones are not used in long grain varieties 
4 Grown in Louisiana 


second break) which indicates that the thiamin is mainlv present in 
the outer bran layers and in the germ. 

Of the finished, clean product, the head rice contained somewhat 
more thiamin than the second head The average thiamin content of 
the head rice was 0 60 Mg per gram and of the second head 0.50 m£ per 
gram. The screenings had an average content of 0.79 and the brewer’s 
rice 1.40 Mg per gram The probable reason for this is that screenings 
and brewer’s rice consist of a great many broken pieces, among them 
particles of rice embryo, which is a rich source of thiamin and which is 
mainly present in the bran. These products are good sources of 
thiamin f »r feed for lhcstock and in making beverages. 

Of the by-products, rice hulls contained an average of 1.11 /xg per 
gram of thiamin. Since these have at present little or no commercial 
value it is suggested that large quantities of hulls if properly extracted 
might yield considerable amounts of thiamin. 
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Rice bran and rice polish were found to be excellent sources of 
thiamin. Rice bran (first break) contained from 20.5 to 33 ng per 
gram. Second-break bran contained less. 

Rice polish (brush) contained less thiamin than rice bran; the range 
was from 15 to 27.9 fig per gram, but it must still be considered an ex¬ 
cellent source. About the same range was found in the cone polish. 
Since pearling cones were not used for the long-grain kernels, no data 
on cone polish could be obtained for the long-grain varieties Fortuna 
and Lady Wright. 

Free and bound thiamin have been determined in all samples of 
Supreme Blue Ro.se, mill lot 551. From 'Fable I it is apparent that 
thiamin mainly occurs in the free form; the range was from 91% in 
first-break huller rice to 52.8%, in screenings. In the by-products, 
bran and polish, from 75%; to 90% was found to be present in the free 
form, which is of interest since it is not known definitely whether the 
physiological functions in the body of both forms of thiamin are the 
same. 

Included in this report are preliminary data obtained on thiamin 
content of parboiled milled rice, nonparboiled milled rice, and under¬ 
milled rice. 

Parboiled rice may be rough rice which is parboiled prior to milling. 
The process of parboiling consists essentially of soaking rough rice in 
water, followed by draining of the water, steaming of the rice, and 
drying. The hypothesis is that the water-soluble vitamins diffuse from 
the outer layers of the kernel to the inner layers, and after the process of 
milling more of these water-soluble nutrients are retained in the kernel. 

The results of this assay are given in Table II, from which it is 
evident that the thiamin content in milled parboiled rice is higher than 


1ABLL II 

Fill amin Conti*nt (in per c* ram) of Milled Parboiled and Milled 
Non-parboiled Rice, Milled and Under-milled Rice 


Variety 

Treatment 


Nira 1 

milled, parboiled 

i.35 

Calora 2 

milled, parboiled 

1.61 

Indian 3 

milled, parboiled 

1.74 

Nira 1 

milled, non-parboiled 

.59 

Lady Wright 3 

under-milled 

1.22 

Lady Wright 8 

milled 

.57 

Supreme Blue Rose 3 

under-milled 

.92 

Supreme Blue Rose 5 

milled 

.65 


iO btained thiough the couitcsy of Dr. C. R. Adair, Associate Agronomist, U. S Department of 
Agriculture, Bureau of Plant Industry, Rice Branch Experiment Station, Stuttgart, Arkansas 

• Obtained through the courtesy of the Rice Groweis Association of California, Sacramento, 
California. 

* Obtained through the courtesy of the Arkansas Rice Growers Cooperative Association, Stuttgart, 
Arkansas. 
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in milled nonparboiled rice. A value of 1.35 pig per gram was obtained 
for the former and of 0.59 pig per gram for the latter. These samples 
were of the same lot and belonged to the Nira variety. Another sample 
of Indian parboiled rice contained 1.70 pig per gram, and a sample of 
Calora from California contained 1.61 pig per gram. Experiments 
with parboiled rice are now being continued on an extensive scale in 
order to find out the optimum conditions of treatment for the maximum 
retention of the water-soluble vitamins and other water-soluble nu¬ 
trients. In under-milled rice, more of the bran layers are left on the 
kernel, which leave more of the vitamins and other nutrients in the 
finished product. The thiamin content of under-milled rice is higher 
than of the milled rice as is shown in Table II. An under-milled 
sample of Lady Wright variety contained 1.22 pig per gram compared 
with 0.57 pig for the sample of ordinary milled rice, or more than twice 
as much thiamin was found in the under-milled rice 

Summary 

A study has been made of the thiamin content in products of com¬ 
mercial rice milling, with the following results: 

Rough rice or paddy and whole brown rice contained about 3 pig 
of thiamin or approximately one International Unit per gram of dry 
material. Whole brown rice contained slightly more thiamin than 
rough rice. 

An average of 80% of the thiamin was lost during the milling 
process. 

From 50% to 90%, of the thiamin was found to be present in the 
free form; this range was from 76% to 90% for the by-products rice 
bran and rice polish. 

Of the finished, clean products, the end product head rice (sold for 
human consumption) contained an average of 0.60 pig and second head 
0.50 pig per gram of dry matter. Screenings and brewer’s rice con¬ 
tained 0.79 pig and 1.40 pig thiamin, respectively. 

Of the by-products, hulls contained 1.11 pig thiamin per gram of 
dry matter, rice bran contained from 20.5 to 33 pig, and rice polish from 
15 to 27.9 pig. 

Three different samples of milled parboiled rice (prepared in three 
different localities) contained 1.35, 1.61, and 1.74 pig thiamin per gram 
of dry material. Two different samples of under-milled rice contained 
1.22 and 0.92 con pared with 0.57 and 0.65 pig in milled rice. 
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A STUDY OF SOME OF THE VITAMIN B COMPLEX FACTORS 
IN MALTED AND UNMALTED BARLEY AND 
WHEAT OF THE 1941 CROP 

Claude K. Davis, Stephen Laufer, and Leonard Sm.ktav 

Schwarz Laboratories, Inc., New York Cit\ 

(Head at thr Animal Meeting, Ma\ 1912) 

The primary purpose of the studies reported here was to determine 
the relation between unmalted and malted wheat and barley with 
respect to the B-comple\ vitamins - thiamin, riboflavin, pantothenic 
acid, and nicotinic acid for which reliable analytical methods have 
been established. 

Experimental 

Seven samples of barley of widely different origin and their re¬ 
spective malts were obtained from malt houses. All of these were 
standard commercial malts. Five samples of wheat representing 
widely different types were obtained. A commercial malt from one 
of these was obtained and the other four samples were laboratory 
malted at approximately 15°C for six days. These samples were 
dried and kilned under conditions as nearly as possible like those in 
large-scale malting. 

Thiamin determinations were made according to the thiochrome 
method outlined ir. the Cereal Laboratory Methods (1941) with the 
exception that the enzyme polidase was used in the incubation of the 
samples. The riboflavin assay was made with the microbiological 
method of Snell and Strong (1939) using the Lactobaccilas casei-t 
organism and an enzyme treatment for preparation of the sample as 
outlined by Andrews, Boyd, and Terry (1942b), Pantothenic acid was 
determined in a similar manner with the same organism and the pro¬ 
cedure outlined by Pennington, Snell, and Williams (1940). 



lto 


VITAMIN H IN BARLEY AND WHEAT 


Vol 20 


Nicotinic acid was assayed microbiologically by means of the or¬ 
ganism Lactobacillus arabinosus 17-5 and the procedure described by 
Snell and Wright (1941). 

Because the moisture contents of grain and malt are considerably 
different, all results were calculated on the dry-matter basis. On 
the dry-matter basis there is an ll r ^ to 14% substance loss from grain 
to malt in usual malting practice. If vitamin content in malted grains 
is the same as in the original grain or shows a loss no greater than the 
substance loss, then one could assume that no great amount of the 
vitamin material has been consumed, destroyed, synthesized, or re¬ 
leased. This work was done on finished malt; no data are given on 
the progress of the vitamin content during the various stages of malting. 

Results 

In Table I are presented the results from testing all samples for 
the four B complex factors: thiamin, ribofla\in, nicotinic acid, and 
pantothenic acid. 

1ABLE I 

B-Compil\ YaiL is Found in Muted and Unmalted Grvins 
(All values expressed in jug pei exam, dry matter basis) 


! 

OtiRin i 

1 liianun 

Ri bottom 

1 Nuotinu and 

1 

Dantotlienu a< id 

l n- | 
malted 

i 

| Malted 

t n- ! 
malted 

Maltnd 

Ln 

malted 

i 

j Malted 

l u- 
multed 

J Malted 


B\rli y 

So. Dakota 

, 4.96 

1 4 29 

0 78 

$ 52 

1 <>0.2 

86 8 

, 5 $0 

5 85 

So. Minn. 

5.04 

4.65 

1 12 

$ $5 

1 98 1 

105.4 

1 6.20 

8 30 

Choice Iowa 

6.52 

, 5.80 

1.08 | 

1 20 

i 89.6 

1 67 5 

1 5.1$ 

5 71 
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4 91 i 

! 5.15 

1.14 1 

2 76 

8 $.0 

1 65 4 

4 01 

4 65 
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6 $2 i 

I 5 94 

1.00 

2 90 

89 4 

1 101 0 

1 4.31 

, 6.0$ 

Wist. onsin 

5 99 

5.27 

1.06 

5 04 

s 85 1 

60 8 ! 

4 65 

5.24 

Hannchen 

5.38 

5 81 

0.97 i 

2.8$ 

69.0 

82 1 1 

2.86 

4.75 

Mean 

5 59 ! 

i.27 1 

1 02 , 

3 09 | 

86 $ 

91 l 

1 5 1 

5.8 

Whfai 


'l 







White . ! 

4.58 

4 49 ! 

0 8$ 

3 67 

52.7 

61.5 

9.44 

9.76 

White, Midi 

6.38 

5.85 i 

1.10 

2.88 

62.7 

71.9 

9.19 

9.20 

Spring 

5 56 

5.46 j 

1.12 

2.27 

49.3 

65.7 

6 91 

9.82 

Red Winter 

5.22 

4.58 | 

0.71 

| $.08 

62.3 

66.3 

7.23 

1 7.92 

Winter. . 

, 664 

4.70 | 

! 0.77 

, 2 65 

66.1 

71.4 

7.05 

8.64 

Mean 

1 5 68 

5 02 

0 91 

'2 91 

, 58.6 

67.3 

7.9 

90 


The thiamin assay gave \ alues of 5.6 and 5.7 /xg per gram, re¬ 
spectively, for bailey and wheat and 5.3 and 5.0 per gram, respec¬ 
tively, for malted barky and malted wheat. These differences be¬ 
tween the malted and unmalted grains are not highly significant, 
showing an average decrease in most cases in the malted grain slightly 
greater than the substance loss of the grain during malting. The thia- 
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min found in these samples compares favorably with average values of 
5.13 gg per gram for barley and 4.98 gg per gram for malt found by 
Laufcr, Brenner, and Laufer (1940); 6.85 gg per gram for whole wheat 
found by Hoffman, Schweitzer, and Dalby (1940); 6.2 and 5.6 gg per 
gram as average values for barley and wheat found by .Schultz, Atkin 
and Frey (1941); 7.1 gg per gram for hard wheat and 6.1 gg per gram 
for soft wheat found by I )owns and ('atheart (1941); 5.03 gg per gram 
for hard wheat and 3.5 gg per gram for soft wheat found by Conner 
and Straub (1941); 4.86- 5.28 gg per gram for barley found by Conner 
and Straub (1941), and 5.8 and 6.5 gg per gram for wheat and barley, 
respectively, reported by Nordgren and Andrews (1941). 

The riboflaxin values show a highly significant increase in the 
malted grain over the unmalted. The average content of the barley 
was 1.02 gg per gram and for the barle\ malt 3.09 gg per gram. The 
assay on wheat was 0.91 gg per gram and the wheat malt 2.91 gg per 
gram. The average results on both grains showed an apparent in¬ 
crease of approximateh 175 f y due to the malting process. These 
values for the unmalted grain compare favorably with the levels of 
0.89 2.03 gg per gram reported In Conner and Straub (1941) and 1.21 
gg per gram for barle\ and 1.17 gg per gram for wheat reported by 
Andrews, Bowl, and Terrv (1942a). 

I'he nicotinic acid results show an increase in the malted samples, 
the difference being of low magnitude although in all samples except 
one the malted sample showed the higher values The assay value 
for barlex and wheat was 86.3 and 58 6 gg per gram, respectively and 
for the coriesponding malts 94.1 and 67.3 gg per gram. These figures 
indicate onh a small iis<* in the malted oxer the unmalted grain and 
the content of nicotinic acid F considerablx greater than the figures 
reported bx Thomas, Hina, and Brown (1942) where only 17 gg per 
gram was lound in barle\ and 21 gg per gram in the* barley malt. The 
results reported here compare more faxorablx with the values of 50 
gg per gram for whole wheit reported by Melnick, Oser, and Siegel 
(1941); and 45 70 gg per gram for barlev and xvhole wheat found by 
Teplx , Strong, and Khehjem (1942) 

The* axerage pantothenic acid content of the barley and wheat 
was found to be 4.5 and 7.9 gg per gram and for the respective malts 
5.8 to 9.0 gg per gram. The results represent an increase of low mag¬ 
nitude; howexv*', with everx sample the higher results were obtained 
in the malted grain. The wheat values compare favorably with 8.3 
gg per gram of pantothenic acid in whole wheat reported by Strong, 
Feeney, and Harle (1941) and are slightly low compared to 10-15 
gg per gram found by Elvehjem (prixate communication) and 10 to 
11 gg per gram in wheal and barley reported by Jukes (1941). 
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Discussion and Conclusions 

The thiamin, nicotinic acid, and pantothenic acid in the unmalted 
and malted grains do not show differences of great magnitude, although 
definite tendencies are evident. From the definite increase in the 
riboflavin content, the malting process appears to cause a mustering 
of this food factor for the plant-growth stages that are to follow the 
period after germination time. It is of interest that none of the B- 
complex factors except thiamin were consumed or disappeared from 
the grain to the same extent that dry matter is lost in malting. In 
general the B-complex factors are apparently conserved to assure 
proper growth supplements when the reservoirs of grain food have been 
depleted and other food sources are drawn upon. The thiamin and 
riboflavin values in wheat and barley compare rather closely, while 
the nicotinic acid values found were somewhat higher in barley and 
the pantothenic acid values were higher in wheat. 

Summary 

Seven samples of barley and five samples of wheat and their re¬ 
spective malts were assayed for their thiamin, riboflavin, nicotinic 
acid, and pantothenic acid contents. There was a slight decrease in 
the thiamin value of barley and wheat upon malting. Riboflavin 
values were found to be three times greater in the malts of both wheat 
and barley over their respective unmalted grains. Nicotinic acid and 
pantothenic both showed a slight increase in the malted grain over the 
unmalted. Barley and wheat respond to malting in much the same 
manner with respect to the B-complex factors considered in this study. 
Nicotinic acid values were higher in barley than in the wheat and the 
pantothenic acid values were higher in wheat. 
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THE CHEMICAL COMPOSITION OF COMMERCIAL HYBRID 
AND OPEN-POLLINATED VARIETIES OF DENT CORN 
AND ITS RELATION TO SOIL, SEASON, AND DEGREE 
OF MATURITY (A PRELIMINARY REPORT ) 12 

D. M. Doty, Merlin S. Bergdoll, and S. R. Miles 

Departments of Agricultural Chemistr\ and Agronomy, Purdue University 
Agricultural Experiment Station, Lafa\ette, Indiana 

(Read at the \nnual Meeting, Ma\ 1942) 


Corn is one of the most important crops grown in the United States 
and it is therefore important to have detailed information about its 
chemical composition. Not only should its average composition be 
known, but the effect of variety and environmental factors affecting 
growth should be studied and understood. This information would be 
of value to livestock feeders and industrial users of corn. The rela¬ 
tively recent development and widespread use of hybrid corn makes 
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such information especially desirable, and very few studies of this 
nature have been carried out with hybrid corn. 

Wimer (1937) studied the composition of mature corn stover as 
affected by variety, soil type, and fertilizer treatment. He was par¬ 
ticularly interested in the effect on the nitrogen, phosphorus, potassium, 
and calcium content of corn stover from the standpoint of the fertilizer 
value. The results showed that variety, soil type, and fertilizer treat¬ 
ment were all factors in determining the composition of corn stover. 

Neal and Bohstedt (1939) found very little difference in the com¬ 
position of silage from open-pollinated and hybrid corn. 

Morrison (1936) reported the average analysis of well-dried dent 
corn grain. He stated that the development of high-yielding varieties 
of corn apparently has brought about, on the average, an appreciable 
lowering of the fat content, a slight decrease in the protein content, 
and slight increases in starch and fiber. 

Arbuckle and Thies (1926) reported that immature corn is low in 
protein. Earlier work by these investigators (1924, 1925) led to the 
conclusion that climate, fertilizer treatment, and variety affect the 
protein content of corn grain but that soil type affect it very little. 

Evans (1941) found that as corn matured, the percentages of pro¬ 
tein, crude fiber, sugars, and ash, on the dry-weight basis, decreased 
in the corn grain for 43 days after pollination, then remained constant. 
The percentages of starch and ether extract increased steadily to 36 
days after pollination, and then remained constant. 

Jones and Huston (1914) found that the total amount of crude 
fiber, fat, ash, crude protein, and starch in the corn plant increased 
as the plant grew and matured. Their data did not show how these 
constituents varied in the grain alone. 

The work reported in this paper shows the effect of variety, soil 
type, location, season, and degree of maturity on the chemical com¬ 
position of corn grain. The results indicate that external growth fac¬ 
tors affect the composition of corn grain greatly. Corn grain from 
different varieties may vary in composition, but there is apparently 
no consistent correlation between variety and chemical composition. 

Materials and Methods 

Samples were obtained from replicated corn plots in different loca¬ 
tions on different soil types throughout the state of Indiana. Samples 
of open-pollinated and hybrid varieties of both white and yellow dent 
com were studied. For the study of the effect of maturity on the 
composition of the corn grain, three hybrids on one soil type in one 
location were used. Table I gives information regarding the samples 
used for study in each of the three years of the experiment. It should 
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TABLE I 

Conditions Under Which Corn Was Grown During Three Seasons 
and Number of Hybrids and Open-pollinated Varieties 
Used Each Year 


Year 


1938 1939 1940 


Total samples 

Varieties used 

237 

259 

263 

Total number 

43 

44 

31 

Yellow hybrids 

27 

28 

20 

Yellow open pollinated 

5 

5 

4 

White hybrids 

7 

7 

4 

White open pollinated 

4 

4 

3 

Number locations 

7 

8 

7 

Number soil type? 

10 

11 

11 


be recognized that not all varieties were grown in every location and on 
each soil type in any one year. However, 10 varieties were grown in 
five locations on eight different soil types all three years. 

For this work representative samples of ear corn were harvested 
and artificially drier! in a drier with air circulating at a temperature of 
about 140°F to a moisture content below 10%. The corn was then 
shelled and stored until chemical analyses could be carried-out. The 
camples of shelled corn were ground to pass a 1-millimeter sieve and 
the ground samples used for analysis. 

Moisture, protein (Kjeldahl-Gunning-Arnold method, copper sul¬ 
fate as catalyst), ash, crude fat, and crude fiber were all determined 
by official A. O. A. (\ methods (1940). Starch was determined by 
the method described bv Sullivan (1935). 

Results and Discussion 

The effect of maturity on the percentages of protein, fat, crude fiber 
and ash in corn grain from hybrids grown in 1938, 1939, and 1940 is 
shown in Figure 1. The data shown here represent an average analysis 
of three different hybrids grown at Lafayette on Brookston silt loam. 
Harvests were made weekly beginning 21 to 30 days after mid-silking 
date. 

As the corn matured, the percentages of protein, fiber, and ash 
decreased and then remained constant. The percentage of fat in¬ 
creased and then remained constant or decreased slightly. In general 
the same changes occurred as the corn matured in all three years. It 
should be noted that the protein content was high at all stages of ma¬ 
turity in 1940 and that the percentage of fat was low at all stages of 
maturity in 1938. This indicates that seasonal variations may be quite 
important in determining the composition of corn grain. 
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1938 



HARVEST 

Fig. 1. I he effect of maturity on the composition of torn grain fioin hybrids grown in 1918 
1939, and 1940 as shown by weekly harvests. Percentages ate expiessed on a 1 *>' < moisture bust** 

Figure 2 shows the effect of maturity on the composition of grain 
from the three hybrids gro\v r n in 1939 at Lafayette on Brookston silt 
loam. There Yvere no significant differences in the percentages of fat, 
fiber, and ash in the three hybrids except at the early harvest periods. 
Grain from Ind. hybrid 829 contained slightly more protein at all stages 
of maturity than did grain from the other hybrids. Although the data 
are not reported, similar results were obtained in 1938 and 1940. That 
is, the composition of grain from all three hybrids changed in about the 
same way as the corn matured. There were no significant differences 
in composition of the grain from the hybrids in any one year. 

The data in Table II show the effect of soil type, location, and 
season on the composition of corn grain. Thirteen yellow varieties 
were grown in al 1 three years in the locations shown in the table. The 
average composition of the grain from the different varieties and the 
range in composition among the varieties is given. Although detailed 
data are not given, it should be pointed out here that there were no 
significant differences in comi>osition among the varieties. That is, no 
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I ig 3 1 he < licet ot m«iturit\ on the composition of torn gram Horn three hybrids grown in 1939 as 

shown In weekly lianest- i*t icentages are expressed on a IS'moisture basis, 

varietv seemed to ho consistent different in composition from an\ 
other variety. 

The effect of season, location and soil tvpe can be seen quite 
readily. The grain from corn grown in 1938 contained significantly 
lower percentages of protein and fat than that from corn grown in 
1939 and 1940. The protein content of the grain was affected by soil 
t\pe and location as w r ell as by seasonal differences. However, it 
should be noted that the effect of soil type and location was not con¬ 
sistent from season to season. For example, the corn grown at 
Wanatah on muck soil in 1938 contained higher percentages of protein 
than that grown on Plainfield fine sandy loam, but in 1939 and 1940 
the reverse was true. Similarly the corn growm in 1938 at Lafayette 
on Clyde silty clay loam contained more protein than that growrf on 
Brookston silt loam, but the reverse w r as true in 1939 and 1940. Thus 
it appears that it would be impossible to predict the differences in 
protein content of corn grain grown on different soil types in different 
locations in different seasons. 
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TABLE II 

Ewbcis of Soil Type, Location, and Season on Composition of Corn 
Grain—Results Expressed on 15% Moisture Basis 



Protein (%) 

Fat (%) 

Ash <%) 


1938 

1939 

1940 

1938 

1939 

1940 

1938 

1939 

1940 


W'ANATAH PINNEY PURDUE FARM 


Maumee loam 1 

7.4-8.5 

8 3 -9.2 

8 1-9.4 

2.7-3.3 

2 7-4 1 

3.3-3.Q 

1.0 1.2 

1.0-1.2 

0 9-l.t 


Av 7.9 

8 8 

8.9 

2.9 

3.5 

3.6 1 

1.11 

1.07 

.99 

Muck 

7.9-9.3 

8.1 -9.0 

10.1-10 8 

2 3-3.3 

2.8-3.8 

3.1-4.1 

1.0-1.2 

0 1-1.1 

1 O-l 4 

Av 8.7 

86 

10.3 

2 8 

3 5 

3.5 

1 11 

1 03 

1.14 

Plainfield fine j 

6.6-7 7 

9.1-10 2 

10.1-11.8 

2 4-3.3 

2.8-4 1 

3 4-4.0 j 

1.0 1 4 

12-14 

1.2 1 S 

sand* loam 

Av 7.1 

9 0 l 

10.7 

2 8 

3.5 

3 7 

1 20 

1 28 

1 17 





r a i nor 






Dai k pran ic s»oil 

H ' ”1 

7.7 -8.6 ! 

8 5 -9 9 

9.1-10 7 

2 4 3 1 

2.9-4 l 

3 1-40 

1.0-1 2 

1114 

0 8-10 

Av 8 1 | 

9 4 

10.0 

2 8 

3.7 

3 6 

1 14 

1.24 

91 


I \FAVLlTr SOILS VSD CROPS FARM 


Hyde silty clay 

7 3 8 3 

7 5 8 5 

7.2 8.9 

2.5 3 5 

3 0 4.1 

2 9 3 9 I 

1114 

1112 

11-15 

loam 

Av 7 7 

7 9 

7 9 

3 0 

3 1 

3 6 

1 23 

1.16 

1 23 

Crosby silt loam | 

7 0-7.8 

83 9 8 

8.3-9.6 j 

2 2 3.2 

2 8 3 8, 

3.4 4 2 , 

1 2 1 .4 

10-12’ 

10 13 

\v 7 3 

8 9 

9 0 

2 9 

.3 4 1 

3 9 

1 24 

1 08 

1 20 

Brookston silt 

6 2-7 8 

80 9 1 

8 6-10 51 

[2 3 3 4 

2 7 3 9 

i 3.5- 4 1 1 

10 12 

1 2 1.4 

1113 

loam 

\v 6.7 

84 

i 

9 1 

l t 9 

3 5 

1 i 

3 8 

1 

” 5 

1.26 

1 20 



FARMLAND H 

D. IORLSrRY I ARM 




C lyde silty clay 

7 5-8.7 i 

8 5 9 8 

8 7-10 3 

2 14 2 

4 0 4 6 

1 

3.5-4.1 

10 12 

lllll 

10 12 

loam 

Av 8 2 j 

9 2 

9 5 

2 6 

4 9 

3.8 

1.16 

1 25 j 

| 1.05 

Crosby silty day 

7 9 9 3! 

8 8 9.8 

88 108 

2 0 2.7 

3 4 4 1 

3.2 4 0 

10 14 

1 1 1 2 1 

10 12 

loam 

Av 8 5 

9.4 

9 4 

2 4 1 

1 3 7 

3.6 

1 12 

1.16 | 

| 1 07 


MILROY R K F VRM 


Black and clay ” ' 6 6 8 0 I 7 2 8.4 * 60 7 7 I 2.3 3 i 2 4 4 2 

soil , A\ 7 2 | 7.9 I 7 3 2 7 3 6 


3.4 4.3 
3.9 


11 14 11 1.4 1.0-1. 4 

I 1 23 I 1.22 1 1.12 

I I 


1 The range in percentage composition is shown above and the average below 


The starch content of corn grain from 13 varieties grown in 1938 is 
given in Table III. Although there was considerable variation of the 
samples, there was no correlation between starch content and variety, 
soil type, or location. Starch determinations were not made on the 
samples obtained in 1939 and 1940. 

A comparison of the composition of white and yellow varieties of 
dent corn F shown in Figure 3. The percentages shown are averages 
from several varieties in each case. It can be readily seen that there 
was very little difference in the average composition of the white and 
yellow varieties in any one year when they were grown in the same 
location. The effect of season and soil type and location on the protein 
content of the grain from both white and yellow varieties is apparent. 
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TABLE III 

PERCENTAGE OF STARCH IN CORN GRAIN— 1938 SAMPLES—RESULTS 
Expressed on a 15% Moisture Basis 



Wanatah, Indiana 

Lafayette, Indiana 

Farmland, Indiana 


j 


Plainfield 

Clyde 



Clyde 

Crosbv 




fine 

silty 

Crosby 

Brookston 

silty 

silty 


Maumee 


sandy 

day 

Slit 

silt 

cla^ 

day 


loam 

Mmk 

loam 

loam 

loam 

loam 

loam 

loam 

Ind. 417 

54.9 

54 6 

S4 1 

51 2 

55.1 

52.4 57.6 

54.4 

53.3 

ind. 425 

51 2 

49 8 

S4 9 

SO 7 

52 7 

56.8 

52.0 

55.0 

Ind 608B 

54 0 

55 5 

S2 1 

54.7 

56.7 

53.9 

52.6 

53.7 

Ind. 610 

56.2 

55 0 

55.9 

55 5 

54 2 

54 J 

52.8 

53.9 

Ind. 613 

55 3 

S6 6 

S3 2 

54 3 56 1 

53 1 -56.3 

54.4-55.2 

52.2 

55.6 

Ind. 6321) 

56 3 

53.6 

56 0 

54.0 

53 3 

52.5 

56.3 

53.7 

Ind. 829 

S3 0 

S4 5 

55 2 

49 8 

55 8 

55.6 

53.5 

52.2 

Ind.842 

51.0 

S5 3 

S<7 

54 S 

55 5 

56.1 

52.4 

51.3 

Ind. 844 

55 0 

52 6 

55 4 

54 4 

51 2 

53.7 

54.7 

54.3 

Ind 845 ! 

; 57.3 

.SO 8 

55 1 , 

54 1 

54 6 

54.9 

56.0 

52*8 

Krug 

54 0 

S5 1 

51.5 i 

58 0 

52 8 

51.2 

52.3 

56.3 

Bryant Reid 

51 9 

53 1 

SS 2 

S3 0 

52 7 

52.2 

53.8 

54.5 

Purdue 1 f Reid i 



18 6 

52.5 

SI 6 

53.2 

52.4 

52.0 

Av 

54.2 

53 9 

S3 9 , 

54.2 

53.9 

54.2 

S3.5 

53.7 

Range . 

51.0 57 1 

SO 8 SO 6 

18 6 SO 0 1 

SI.2 58 6 

51 2 56 7 

51.2-56.8 

52 0-56 3 51.3-56.3 

J 


_ 


_ 

_ 

__ 

_ _ 

. . .. 



JfH 



KAT 




^ Brovm slit loam, New Harmony 
SB Broofcston slit loam, Lafayette 
SI River overflow lend 

El Dark silt loam. Wnnhln^ton 


Fig 3. The composition of grain fiom white ami yellow varieties of dent corn giown in different 
years on diffeient soil types in different locations. Percentages aie expressed on a 15 f ; moisture 
basis. 


Although the work reported here does not show any consistent 
relationship between variety and chemical composition, one must not 
conclude that varieties of consistently different chemical composition 
cannot be developed. In fact, it is quite generally recognized that 
such varieties can be developed. However, the work does show that 
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many of the commercial hybrids that have been developed, and the 
selections of open-pollinated varieties that have been made, produce 
com grain of very similar chemical composition. 

Summary 

As corn matured, the percentages of protein, fiber, and ash in the 
grain decreased and then remained constant. The percentage of fat 
increased and then remained constant or decreased slightly. These 
changes occurred in three hybrids in all three seasons. 

Seasonal variations were responsible for variations in the protein 
and fat content of corn grain. The protein content is also affected bv 
soil type and location. 

There were no significant differences in the chemical composition 
of more than 40 commercial hybrids and open-pollinated varieties of 
dent corn. The composition of yellow varieties tested was practically 
the same as that of white varieties grown under the same conditions 
in the field. 
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EFFECT OF CERTAIN VARIABLES IN TECHNIQUE ON THE 
BREAKING STRENGTH OF LARD PASTRY WAFERS 

VkNona Swartz 

Research Laboratory, American Meat Institute, University of Chicago, 
Chicago, Illinois 

(Read at the \nnual Meeting, May 1942) 

Published results of breaking-strength studies with lard wafers 
have shown a great deal of variation, even though the same fats were 
under consideration by the different investigators. These variations 
are indicated in Table I, which shows published breaking-strength 
figures for lard wafers of 5 to 16 ounces, and for hydrogenated cotton- 

TABLE I 

IJRLMCING SlRLM.lH Oh WUKRb AS REPORTED BY DlH LRLM INVESTIGATORS 


I in estimator 


I 


1 at 

Denton, 
Gordon 
and Sperrv 
(1933) 

Lard 

Hydrogenated cottonseed oil 
Vegetable compound 

H\drogenuted lard 

14 20 


i 

hisher | Hai\e\ 
(1913) (I9J7) 

Lowe, 

Nelson, and 
Buchanan 
(1938) 

Swar t ?. 1 
(1937-41) 

*8 1 <>5 

os 

oz 

9-16 [ 611 

5-11 

13-44 

13 22 8 

9-11 

17-37 

13 1 8 

— 

19-20 

14 21 

9 12 

25-26 


1 l njmblMiod 


seed oil from 8 to 22 ounces, with similar variations for vegetable com¬ 
pounds and lndrogenated lard. These large variations in results were 
due at least in part to the conditions chosen for the breaking-strength 
tests. Kach investigator has independently established the conditions 
judged to be best, without conforming to the formula or technique of 
predecessors. This is shown in Table II. 

The conditions used by Denton, Gordon, and Sperr\ (1933), by 
Fisher (1933), and by Harvev (1937), were established by them as 
standard for all their tests, while the work of Lowe, Nelson, and 
Buchanan (1938) and of Swartz (1937-41, unpublished) included, 
along w ith a standardized technique, additional studies of the influence 
of some of the conditions on the breaking-strength results. 

Lowe reported that, with other factors standardized, the tempera¬ 
ture of the fat influenced the breaking strength of the wafers: room- 
temperature of the fat resulted in more tender wafers than either cold 
or melted fat. She fount! also that increased mixing time before adding 
water made for lower breaking strength, while increased mixing time 
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TABLE II 

Conditions of Breaking-Strength Tests Reported in Table I 



I Denton, 

| Gordon 
and Sperry 

Fisher 

Harvey 

Lowe 

Swartz 

Type of flour 

Pastrv and 
family 

Pastrv 

p 

All¬ 

purpose 

Pastry 

Percent fat 

47 

41-44 

50 

40 

44 

Percent water 

27 

25 

31 

25 | 

25-40 

Temp, of flour, °F 

46-48 

Room 

? 

75-77 

35-97 

Temp, of fat, °F I 

46-48 

45-50 

? 

41-140 

35-97 

Temp, of water, °F 1 

Mixing time before add¬ 

46-48 

45-50 

45 

24-25 

35-97 

ing water, min 

Mixing time after add¬ 
ing water, sec 

5 

> 

1 

2 

2 1 2 -33 1 

2 

60 

45 j 

45 

15-45 

30 90 

Thickness of wafers, in | 

K , 

1 

»b ' 

1 

‘‘ 1 

3/32 

s 


after adding the water gave greater breaking strength to pastry wafers 
made with lard. 

In view of the absence of an accepted standardized test for breaking 
strength of pastry wafers, the study to be reported here was under¬ 
taken in order to give a clearer picture of the effect of some* of the 
variables that have existed in the formulas and mixing procedures used 
by the different investigators. Specifically, the factors studied were 
amount of water used, temperature of ingredients, and length of mixing 
time after water was added. 


Experimental Work 

Pastry wafers were made from commercially steam-rendered lard 
according to the following formula and procedure: 


Constants 


Variable 


Pastry flour 

Fat 

Salt 


200 g Water, tap—50, 65, and 80 ml 

88 
5 


Temperature of Ingredients 

Flour and salt—room temperature, 67-81°F, usually 73-76°F 
Fat and water—40-45°F and 70-75°F 


Mixing Time 

Before adding water—2 minutes 

After adding water—30, 45, 60, or 90 seconds 

Mixing Procedure 

Flour ana salt were sifted together, the fat was added, and mixed in with the 
pastry knife of a Kitchen-Aid machine (3-qt bow r l) on low speed for 60 seconds (70 
revolutions). The machine was stopped, the sides of the bowl scraped down with a 
few turns of the pastry knife, and the mixing continued for an additional 60 seconds. 
The water was added in less than 5 seconds while the mixer was running, and the 
mixing was continued for the remainder of the time indicated, 30 to W seconds. 
The dough was formed into a ball with 6-10 motions of the hands. It was rolled 
out on a floured canvas pastry cloth with a rolling pin covered with a floured stock¬ 
inette, first to a thickness of £f 6 Inch in ten motions, with guide strips to control 
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thickness. Then the dough was turned at right angles to its former position and 
rolled to J'g-inch thickness in 44 further rolling motions. The dough was then cut 
with a pastry wheel into wafers, each 1J^ by 2J^ inches, lengthwise of the dough. 
Each wafer was pricked with a tool containing 15 blunt points to prevent blistering 
and placed on an aluminum baking sheet. Each baking consisted of 27 wafers. 
The wafers wore chilled for about 10 minutes at 40°-45°F prior to baking. 

Baking , Cooling, and Testing Procedure 

The wafers were baked 18 minutes in a gas oven at 425°F, and cooled on a wire 
rack at room temperature for 45 minutes before breaking. The two most atypical 
wafers (from the standpoint of color or texture) were discarded and the remaining 
25 were broken with a Bailey Shortometer. 

Number of Wafers Tested 

Four bakings totaling 100 wafers were made with each combination of variables. 

Results 

The results of the breaking strength tests are shown in Table III 
and Figures 1 and 2. It can be seen that with increasing water the 

TABLE III 

Breaking-Strength of Pastry Wafers Made with Lard 
(Each figure represents the average of 100 wafers from 4 bakings) 


'I empera- 
ture ot 
fat and 
water 

Water 

Blending 
time after 
adding 
water 

Breaking 

Mean 

[ strength 

Range 

Standard j 
deviation 

Probable 

error 

Estimated 
standard 
error of 
mean 



ur 

oz 

OS 1 




40°-45°F 

25 

* 30 

15.1 

1 5-35 

4.7 

3.2 

0.47 



45 

16.7 

8-30 

4.4 

2.9 ; 

0.44 



60 

15.8 

9-27 

3.3 

2.2 

0.33 



90 

19.9 

12-27 

3.2 

2.1 

0.32 

| 32.5 

30 

23.0 

9-36 

5.7 

3.8 

0.57 


45 

25.9 

11-44 

5.5 

3.7 

0.55 

1 

1 60 

29.8 

19-45 

5.9 

4.0 

0.59 

L 

90 

31.4 

22-43 

4.6 

3.1 

0.46 

1 40 

> 30 

33.5 

14-53 

8.3 

5.6 

0.83 

1 

45 

1 37.2 

20-64 

7.1 

4.8 

0.71 

1 

60 

' 43 7 

29-56 

5.9 | 

1 4.0 

0.59 



90 

i 42.1 

27-54 

5.2 

3.5 

0.52 

70°-75°F 

25 

30 

13.9 

7-21 

2.8 

1.9 

0.28 

i 


45 

14.2 

8-30 

3.8 

2.6 

0.38 

, 


60 

15.5 

10-22 

2.6 

1 8 

0.26 


1 

| 90 

14.4 

7-23 

3.7 

2.5 

0.37 


32,5 

30 

24.1 

14-33 

4.5 

3.0 

0.45 



45 

22.5 

15-31 

3.6 

2.4 

0.36 


i 

60 1 

24.8 

14-35 

4.3 

2.9 

0.43 



90 , 

22.8 

| 13-34 

; 3.7 

2.5 

0.37 


1 40 

30 l 

36.5 

25-56 

7.2 

4.9 

0.83 



45 

34.8 

20-50 

5.4 

3.7 

0.54 



60 

34.2 

24-46 

4.3 

2.9 

0.43 



90 

30.7 

18-39 

4.0 

2.7 

0.40 


1 75 wafers only, instead of 100 
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breaking strength increased strikingly, for example from 15.8 ounces 
with 25% water, to 43.7 ounces with 40% water, at 60 seconds' mixing 
time, using cold fat and water. Under other conditions of temperature 
and mixing times the same effect is shown, but to a lesser degree. 

As the mixing time was increased, there was little effect on breaking 
strength, especially when the ingredients were all at room temperature. 
An exception to this is seen at 90 seconds’ mixing, 40% water, where 
the breaking strength was somewhat lower. When the fat and water 
were cold, there was some increase in breaking strength with increased 
mixing time, especially at the highest water content. 

Using the fat and water at room temperature instead of at ice-box 
temperature resulted in lower breaking strengths, at most of the mixing 
times and levels of water. 


Discussion 

The results of this study agree with the conclusions reported by 
Lowe and co-workers and also with their conception of the action of 
the ingredients of the dough. Specifically, in both this study and in 
Lowe’s, increased mixing time after adding the water made for greater 
breaking strength in the wafers, especially w hen the fat and w ater were 
cold. This is to be expected, for increased manipulation of the dough 
brings about greater opportunity for hydration and development of 
the gluten of the flour. But wdien the fat and water w r ere at room 
temperature, the time of mixing seemed to have little effect on the 
breaking strength of the wafers. This could be a direct result of the 
greater plasticity of the lard at the higher temperature. The fat, being 
more plastic, more completely covers the flour, giving it a protective 
waterproof coating that prevents a part of the subsequent hydration 
that would otherwise have occurred. This same conception also 
accounts for the generally lower breaking strength of all the wafers 
made from ingredients at room temperature, compared to those made 
from fat and water at ice-box temperature. 

The effect of increasing the amount of water can also be explained 
on the* same basis. Additional water makes possible more nearly 
complete hydration of the gluten, with consequently higher breaking 
strength in the resulting wafers. 

Summary 

The results of this study of breaking strength of pastry wafers can 
be summarized in the following outline form. 
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Variable 

1 . Increased water (from 25 to 40%). 

2 . Increased mixing time after adding 
water (from 30 to 90 seconds). 

3. Room temperature for ingredients in¬ 
stead of ice box temperature. 


Result 

1 . Progressive increase in breaking 

strength. 

2 . (a) Fat and water cold: greater 

breaking strength. 

(b) All ingredients room temperature: 
same or lower breaking strength. 

3. Decrease in breaking strength. 
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INACTIVATION OF ALPHA- AND BETA-AMYLASE * IN 
AQUEOUS MALT EXTRACTS 1 

W. J. Olson, B. A. Burkhart, and A. D. Dickson 
University of Wisconsin, Madison, Wisconsin, and U. S. Department of Agriculture 
(Read at the Annual Meeting, May 1942) 

The constitution of the amylolytic enzyme system in malt has been 
studied extensively with regard to the separation, characterization, and 
accurate determination of the components. In the hydrolysis of a raw 
starch paste by malt extract, three general types of reaction are rec¬ 
ognized: (1) liquefaction (accompanied* by a liberation of esterified 
phosphorus), (2) dextrinization, or progressive diminution of the iodine¬ 
coloring capacity of the starch, and (3) saccharification, apparent 
notably as a production of maltose. Enzymes catalyzing each of the 
three types of reactions mentioned above have been described, and 
their partial or complete isolation reported. 

Thus, according to Waldschmidt-Leitz and Mayer (1935), amylo- 
phosphatase catalyzes the liquefaction and concomitant liberation of 
esterified phosphorus from the starch paste; the dextrinogenic- or alpha- 
amylase is active in the dextrinization of the starch to low-molecular- 
weight, noniodine-staining dextrins. The rapid production of maltose 
is ascribed mainly to the action of the saccharogenic- or beta-amylase, 

1 Cooperative investigations between the University of Wisconsin and the U. S. Department of 
Ajp-iculture, Division of Cereal Crops and Diseases, Bureau of Plant Industry. The United States 
Maltsters Association and the Malt Research Institute have cooperated through Industrial Fellowship 
grants to the University of Wisconsin. 
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although a comparatively small amount of maltose is formed by alpha- 
amylase as well. 

The view that alpha-amylase is active in the liquefaction as well as 
in the dextrinization of a starch substrate has been advanced by Blom, 
Bak, and Braae (1937), Blom and Bak (1938), and J6zsa and Johnston 
(1935). The parallelism between the two actions has recently been 
studied by Hollenbeck and Blish (1941) under several conditions. 
They concluded on the basis of their results that both reactions were 
due to the same enzyme. On the other hand, Mayer (1939) showed 
that raw starch paste oxidized by a minimal amount of iodine did not 
result in the production of reducing materials by malt extract, but 
could still be liquefied. 

Several techniques have been developed for the partial or complete 
separation of the amylases present in malt extract. The methods of 
Waldschmidt-Leitz, Reichel, and Purr (1932) for the selective adsorp¬ 
tion of beta-amylase on alumina at pH 3.8, or the adsorption of alpha- 
amylase on mature starch grains (Holmbergh, 1933) are well known. 
Other methods for the separation of the two amylase components have 
been developed by Ohlsson (1926, 1930) and Blom, Bak, and Braae 
(1937). The Ohlsson technique makes possible the destruction of 
beta-amylase in the presence of alpha-amylase by heating the neutral 
green malt extract at 70° for 15 minutes. Several workers, including 
Ohlsson (1926), have found that at least 15-16% of the alpha-amylase 
is destroyed by this treatment. Ohlsson (1926) also found that alpha- 
amylase was almost quantitatively destroyed by treatment of an 
acidified extract at pH 3.3 and 0° for 15 minutes, the destruction of 
beta-amylase being negligible. Blom, Bak, and Braae (1937) used 
less drastic conditions for inactivation by heat and by low pH and low 
temperature. They found that acidification of a malt amylase prepa¬ 
ration at 20° and pH 4.2 resulted in almost complete destruction of 
alpha-amylase in four hours, and heating the neutral enzyme sus¬ 
pension at 60° for one hour resulted in a constant ratio of reducing 
power/liquefaction, which they took as an indication of a one-com¬ 
ponent (alpha-amylase) system. 

In our work a study was made of the inactivation of beta-amylase 
at 60°, 65° and 70°C, and of alpha-amylase at pH 3.3 and 0°C in 
aqueous extracts of malts exhibiting rather wide differences in the 
activity of the amylase system originally present. The principal 
object in this study was an examination of the rates of the inactivations. 
Improved and specific methods for alpha-amylase and the determina¬ 
tion of total saccharifying activity were applied to the partially 
inactivated extracts. 
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Experimental Material 

'Three malts were chosen for study, exhibiting high, low, and inter¬ 
mediate diastatic activities. The high diastatic malt, Pcatland, had 
an activity of 752 mg maltose (188°L), the low, Atlas, 288 mg maltose 
(72°L), and the intermediate, Oderbrucker, 448 mg maltose (112°L). 

Heat Inactivation 

Twenty-five-gram portions of ground malt were extracted with 500 
ml of water in a 20° bath for two hours, and filtered for one-half hour. 
Twenty-five-ml aliquots of the extract were transferred to a series of 
8-inch test tubes, and placed in a bath adjusted to the desired inactiva¬ 
tion temperature. The temperature of the bath was maintained man¬ 
ually to within ±0.5° of the desired temperature. Tubes were removed 
from the bath at appropriate time intervals and transferred imme¬ 
diately to a water bath at 0-4°C, and cooled to 10 15°(\ The cooled, 
partially inactivated extracts were transferred to 100-ml volumetric 
flasks, made to the mark with water and mixed thoroughly. 'These 
diluted solutions were used in all subsequent determinations. 

Low-Temperature, Low-pH Inactivation 

The same method for preparation of the malt extract was used here 
as was used for the heat inactivations. Forty-ml portions of the extract 
were measured into 50-ml volumetric flasks and placed in an ice-water 
bath (0°). When the contents of each flask had reached 0°, the acidity 
was adjusted to pH 3.3 with HC1 (0.025 or O.O5A0 with vigorous shak¬ 
ing. At appropriate time intervals, sufficient N/li NaOH was added 
with constant agitation to bring to pH 5.1. The necessary amounts of 
both acid and base required for pH adjustments were determined on a 
separate portion. The partially inactivated extracts were allowed to 
attain room temperature, made to mark with water and used in the 
subsequent determinations. All runs on both heat- and low-tempera¬ 
ture, low-pH inactivations were carried out in duplicate. 

Methods 

In designing the experimental section of this work, an attempt was 
made to use methods useful in the determination of one component. 
It was convenient to use a method specific for alpha-amylase. No 
attempt, howe ver, was made to differentiate between the saccharifying 
activity due to alpha-amyJase and that due to beta-amylase. In the 
heat-inactivation treatments, the large decreases in saccharifying 
activity undoubtedly w r ere due primarily to a loss of beta-amylase 
activity, and the small decreases in saccharifying activity at 0° and 



Jan., 1943 w. J. OLSON, B. A. BURKHART, AND A. D. DICKSON ’ 129 


pH 3.3 were ascribed principally to the effect of alpha-amylase destruc¬ 
tion. This conclusion seems justified (see later). The method of 
Kneen and Sandstedt (1941) was used for determination of total sac¬ 
charifying activity, using 0.05 N instead of 0.1 N potassium ferricyanide. 

The dextrinizing activity of the partially inactivated extracts by use 
of 2% soluble starch as substrate (Wohlgemuth, 1908) has been shown 
to be affected seriously by variations in beta-amylase content (Hanes 
and Cattle, 1938). However, it was used in this work to compare with 
the other dextrinization procedure. 

The improved Wohlgemuth procedure, developed by Sandstedt, 
Kneen and Blish ( 1939 ), is designed to circumvent this complication of 
variations in beta-atm lase by use of standard alpha-amylodextrin 
instead of soluble starch as substrate. In the preparation of the 
alpha-amylodextrin substrate, these workers recommended the use of 
hard wheat extract as a suitable source of pure beta-amylase. We 
have found it convenient to use instead a preparation of soybean 
amylase. Newton and Naxlor ( 1939 ) report that soybeans contain 
very little, if any, dextrinizing activit>. For ease in comparison, the 
same method was used in the soluble starch dextrinization, except of 
course that the pretreatment with beta-amylase was omitted. 

The method of Blom and Bak (1938) was used with minor modifica¬ 
tions in the determination of liquefy mg activity. In unpublished work 
with this method, we have found that the effect of beta-amylase is of 
only minor importance in the liquefaction of starch paste, and espe¬ 
cially so in concentrations met with in this work. However, attention 
is called to the values for liquefy ing activity at the later stages of low- 
temperature, low-pll inactivation. In, these cases, relatively concen¬ 
trated extracts were used in the determination, and the large excess 
of beta-amylase ma> have affected the Blom-Bak values. 

Presentation and Discussion of Data 

The effect of the various treatments on the extracts of the three 
varieties seemed to show quantitative differences only. T herefore, in 
order to conserve space, a plot of the complete set of values for one 
variety only, Oderbrucker, will be given. The data for all three 
varieties are given in tabular form. Each figure represents the average 
of duplicate runs under identical conditions. 

Saccharifying Activity 

As indicated earlier, the heating of a malt extract at 60°~70° has 
an adverse affect on the saccharifying activity. The effect of heating 
an unbuffered extract at 60°, 65°, and 70° on the saccharifying activity 
is given in graphic and tabular form in Figure t and Table I. 



130 


INACTIVATION OF ALPHA- AND BETA-AMYLASE 20 



TABLE 1 

Effect of Inactivation Treatment on Saccharifying Activity 
(Mg maltose per mg malt equivalent) 


Time m heat 
inactivation bath 
(min) 

60 °C 

6S°C ! 

1 

70°C 

Time at 0°C 
and pH 3 3 
(min) 

Saccharifying 
activity — 0°C 
and pH 3.3 

Atlas 

Original 

2.34 

- | 

2.34 

2.34 

Original 

2.34 

at (/ - 1) & 

2.21 

1.62 

0.31 

5 

1.98 

15 

1.75 

0.40 

0.26 

10 

1.95 

30 

1.34 

0.33 

0.21 

15 

1.99 

60 

0.91 

0.27 

0.14 

30 

1.92 

90 

0.53 

0.25 

0.10 



Oderbrlcker 


i 




Original 

3.70 

3.70 

3.70 

Original 

3.70 

at (/- l) c 

3.56 

2.32 

0.76 

5 

3.13 

15 

I 2.82 

0.60 

0.31 

10 

3.14 

30 

2.38 

0.50 

0.26 

15 

3.10 

60 

1.94 

0.40 

0.20 

30 

3.07 

90 

1.39 

0.30 

0.16 



Peatland 




i 


Original 

6.24 

6.24 

6.24 

Original 

6.24 

at (l - 1)° 

5.96 

4.09 

0.61 

5 

5.70 

15 

4.98 

0.73 

0.46 

10 

5.65 

30 

4.25 

0.58 

0.36 

15 

5.66 

60 

3.08 

0.50 

0.23 

30 

5.65 

90 

2.55 

0.42 

0.16 
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The loss of saccharifying activity at 60° appears as a continuous 
function of time, showing little tendency to level out even after 90 
minutes. The times required to reach one-half the original activity 
lie between 40 and 60 minutes for the three varieties. Even though 
treatment of the malt extract at 60° results in the destruction of the 
saccharogenic property of malt amylase, the reaction (inactivation) is 
slow and incomplete within the 90-minute period. 

Treatment of the extracts at 65° or 70° is in direct contrast to this. 
Progressive heating of the malt extracts at 65° or 70° resulted in an 
extremely rapid and extensive drop in saccharifying activity, which 
leveled out abruptly to a straight-line and very gradual decline in 
activity. The point at which leveling out occurred corresponded to 
about 20 minutes in the bath at 65° and about 10 minutes at 70°. The 
time required to reach one-half original activity was reduced from about 
50 minutes at 60° to 5 minutes at 65° and 1.0-1.5 minutes at 70°. It 
is also significant that 70% or more of the original activity had been 
lost before the* extracts had reached 69°, and more than 30% before 
they had attained 64°. 

Acidification of the malt extracts to pH 3.3 at 0° resulted in a very 
rapid though small initial decrease in saccharifying activity, followed 
by essentially no further change up to the maximum time studied, 30 
minutes. It can be seen that by far the greatest fall in activity oc¬ 
curred in less than 5 minutes under these conditions. 

Soluble Starch Dextrinizing Activity 

The dextrinizing activity of malt extracts is attributed principally 
to the action of alpha-amylase, but, when acting on 2% soluble starch, 
the contribution of beta-amylase is significant. Accordingly, the 
values of the dextrinizing activity of the treated extracts are given in 
Table II and Figure 2. 

By examination of the data for dextrinization of 2% soluble starch 
as affected by treatment of the extracts at 60°, 65°, and 70°, and also 
at 0° and pH 3.3, the effect of beta-amylase is readily apparent. 
However, there does not seem to be any quantitative parallelism be¬ 
tween the decrease in saccharifying activit} and decrease in dextriniz¬ 
ing activity on soluble starch. Certainly, from these findings, one is 
forced to agree with Hanes and Cattle (1938) that the part placed by 
beta-amylase in the dextrinization of soluble starch is not understood. 
By comparison of the curves for soluble starch-dextrinizing activity 
of the heat-treated extracts with the corresponding curves for sac¬ 
charifying activity, a rather general qualitative similaritv shows up. 
Thus, soluble-starch dextrinizing activity decreases as a curvilinear, 
continuous function of time at 60°. The large initial decrease in 
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TABLE III 

KfFKCT or lNA( IIVAJ TON TRKATMINr on Amvlodi XIRIN 
Dkxtrinizing Activity 

(Sandstcdt-Knccn-BIish units) 


1 ime in heat 
inactivation bath 
(mm) 

00° C 

6S°C 

70°( 

I line at 0°C 
and pH 3.3 
(mm) 

DextrinumK 
activity—0°C 
and piI 3.3 

At l \s 






Original 

31.2 

31.2 

31.2 

Original 

31.2 

at (t - ir 

— 

30.1 

22.7 

5 

1.5 

15 

I 30.1 

26.0 i 

21.0 

10 

I 1.2 

30 

1 28.7 

23.5 

16.6 

15 

1.0 

60 

26.0 

20.7 

11.2 

30 

0.0 

00 

j 25.4 

180 

0.0 

1 
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Oi iginal 

i 33.6 | 

1 33 6 

33 6 

Original 

33.6 

at (t ~ 1 )° 

1 ~ 1 

1 32.0 

26.0 

5 

1.7 

15 

| 33.1 

31.2 1 

1 21.0 | 

10 

1.5 

30 

! 32.7 

! 20.8 

| 20.5 i 

15 

1.5 

60 

1 31.3 

! 27.2 

15.6 1 

30 

1.4 

00 

i 30 1 

1 

| 24 5 

12.0 j 
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1 


1 1 

j 


Original 

, 63.0 

60 0 

57.7 1 

Original ! 

57.7 

at (/ - O'* 

1 — 

| 58.2 

39.3 1 

5 

3.1 

15 

1 61 5 

50.0 

34 4 

10 

2.7 

30 

60.0 

, 47.0 

25.3 

15 

2.0 

60 

56.0 

1 40.0 

1 17.0 

30 

2.7 

00 

54 5 

, 34 0 

11.8 




saccharify ing activity followed by an abrupt leveling out with further 
treatment at 65° or 70° is apparent also in the soluble-starch dextriniz¬ 
ing activity of the partially inactivated extracts. The times required 
to attain one-half the original activity varied from more than 90 min¬ 
utes at 60° to about 10 at 65° and 2 at 70°. 

Treatment of the malt extracts at 0° and pH 3.3 resulted in' an 
extremely rapid decline in the soluble-starch dextrinizing activity', 
closely' resembling the corresponding loss in starch liquefying and alpha- 
amylodextrin dextrinizing activities. However, here again the simi¬ 
larity is qualitative only. 


Alpha-Amylodextrin Dextrinizing and Liquefying Activity 

The parallelism between dextrinizing and liquefying activities has 
been discussed previously. While no high correlation between soluble- 
starch dextrinizing activity and starch-liquefying activity could be 
established, a remarkably close parallelism between the alpha-amylo- 
dextrin dextrinizing and corresponding liquefying activities is apparent. 
The ratio, liquefying activity/amylodextrin dextrinizing activity, is 
given in Table V. The ratio is not a constant over the whole set of 
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TABLE IV 

Effect of Inactivation Treatment on Liquefying Activity 
(Blom-Bak units) 


Time in heat 
inactivation bath 
(min) 

60° C 

65°C 

70°C 

Time at 0°C 
and pH 3.3 
(min) 

Liquefying 
activity—0®(' 
and pH 3.3 

Atlas 






Original 

43.6 

43.6 

43.6 

Original 

43.6 

at (i - 1)° 

— 

41.2 

38.2 

5 

4.6 

15 

40.0 

38.0 

35.0 

10 

3.7 

30 

38.9 

35.3 

24.9 

15 

— 

60 

37.7 

29.5 

16.9 

30 

— 

90 

36.2 

25.5 

13.4 


1 

Oderbrucker 






Original 

49.6 

49.6 

49.6 

Original 

49 6 

at (/ - 1 )° 

— 

45.0 

42.8 

5 

5.6 

15 

47.4 

42.3 

39.0 

10 

5.5 

30 

46.6 

40.7 

33.4 

15 

5.2 

60 

44.4 

37.2 

25.4 

30 

5.0 

90 

43.1 

31 2 

21.1 



Peatland 






Original 

82.1 

82.1 

82.1 

Original 

82.1 

at (/ - 1 )° 

— 

75.7 

71.5 

5 

’ 11.t 

15 

78.1 

68.7 

62.2 

10 

9.2 

30 

77.4 

62.8 

45.4 

15 

9.6 

60 

71.6 

54.0 

27.9 

30 

9.3 

90 

70.1 

45.3 

18.9 




data, but in general varies both with treatment and variet>. The 
ratio is constant within reasonable limits for a single variety and 
treatment. We find it extremely difficult to explain this situation. It 
is due possibly to lack of uniformity in the alpha-amylodextrin sub¬ 
strate, but we have not checked this. 

By reference to Figures 3 and 4, it may be seen that a destruction of 
saccharifying activity is accompanied always by a decrease in the 
alpha component as deduced from measurements of liquefying and 
amylodextrin-dextrinizing activities. Obviously, the higher the in¬ 
activation temperature used, the more rapid and extensive the destruc¬ 
tion of alpha-amylase activity. A closer examination of the time-vs- 
activity curves for liquefying and amylodextrin-dextrinizing activity 
reveals that at 60° the destruction of alpha-amylase approximates a 
straight line from the outset, while at 65° the initial decrease is rapid, 
followed again by an approximate straight-line decrease on further 
treatment. At 70°, the decrease in alpha-amylase activity is curvi¬ 
linear throughout and rather extensive. 

The de*£?^tion of both liquefying and dextrinizing (alpha-amylo- 
dextrin) activities is rapid and very extensive in the early stages of 
treatment at pH 3.3 and 0°. All but 10%-13% of the original activity 
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TABLE V 

Ratio of Liquefying/Amylodextrin Activities of 
Partially Inactivated Malt Extract 


(Blom-Bak units/amylodextrin dextrinizing units) 


Tune in heat 
inactivation bath 
(min) 

oo°c 

65°C 

70°C 

Time at 0°C 
and pH 3.3 
(min) 

Liq./amylodex- 
trin activity— 
0°C and pH 3.3 

Atlas 






Original 

1.40 

1.40 

1.40 

Original 

1.40 

at (t - n° 

— 

1.37 

1.68 

5 

3.07 

15 

1.33 

1.46 

1.67 

10 

3 08 

30 

1 36 

1.50 

1.50 

15 


60 

1.40 

1.43 

1.51 

30 

_ 

90 

1.43 

1.42 

1.49 



Odlrhrlcker 

1 i 





Original , 

1.48 j 

1.48 

1.48 

Original 

1.48 

at (t - 1)° 

— 

1.41 

1.65 

5 

3.29 

15 

1.43 1 

1.36 

1.78 

10 

3.67 

30 

1.43 

1.37 

1.63 

1 15 

3.47 

60 

1 42 1 

1.37 

1.63 

30 

3.57 

90 

i 

1 43 j 

| 1.27 

1.64 

1 


Peatland 






Original 

1 30 

1.37 

1.42 

Original 

1.42 

at (t - l) u 

— ' 

1.30 

1.82 

5 

3.58 

15 

1.27 , 

4.37 

1.81 

10 

3.41 

30 

1.29 

1.34 

1.79 

! 15 

3.31 

60 

1.26 ' 

1.35 

1.64 

30 

3.44 

90 

1.29 1 

1.33 

1.60 | 

1 



was lost in loss than 5 minutes. In the three malts studied this initial 
large decrease was followed by little if any further change. A paral¬ 
lelism ma\ be drawn here between the abrupt initial loss of sacchari¬ 
fying activity and the loss of alpha-amylase activity, which strongly 
suggests that this reduction in saccharifying activity is due prepon¬ 
derantly to a loss of alpha-amylase. 

Thus far the discussion has been confined to a consideration of the 
effects of inactivation treatment upon the enzyme components present 
in a malt extract. Several interesting points are apparent in the inter¬ 
relationship between the several factors. 

It seems logical to assume, as did Blom, Bak, and Braae (1037), that 
the ratio of liquefying activit} or dextrinizing activity to the corre¬ 
sponding saccharifying values would be constant when one component 
only was present. These workers indicated that this situation was 
obtained by heating suspensions of a purified malt ^invlase preparation 
at 60° for a minimum time of one hour. They clafct^Srese mild condi¬ 
tions are successful because they were dealing wi*^urified prepara¬ 
tions. We were unable to attain constant ratios between these factors 
at any stage in the 60° heat inactivation. On this basis, wc feel justi- 
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fied in concluding that the destruction of beta-amylase in an unpurified 
malt extract at 60° is incomplete even after 90 minutes. On the other 
hand, a constant ratio is obtained rather early in the inactivation both 
at 65° and 70°. A constant ratio at 65° first appears after 15-20 
minutes in the bath; the constant ratio at 70° corresponds to approxi¬ 
mately 15 minutes, thus confirming the results of Ohlsson (1926). 

Summary 

• The rate and extent of inactivation of the amylase components of 
malt extracts were measured at 60°, 65°, and 70° and at pH 3.3 and 
0°t\ Measurements were made of saccharification of soluble starch, 
liquefaction of raw starch paste, and dextrinization of both soluble 
starch and amylodextrin on the original and partially inactivated 
extracts. 

Complete inactivation of beta-amylase was not attained at 60° for 
the maximum time studied, i.e., 90 minutes. At 70° the beta-amvlase 
was completely removed after 15 minutes’ treatment, while qt 65° 
approximately 20 minutes were required for complete inactivation. 
At pi 1 3.3 and 0° the* loss of dextrinizing or alpha-amylase activity was 
extreme!) rapid The maximum effect was obtained usually in 5 min¬ 
utes. This treatment results in relative!) little reduction of sacchari¬ 
fying power, most of this reduction apparently being due to loss of 
alpha-amylase. 

A highly significant correlation between starch-liquef)ing power 
and dextrinizing power was found, indicating that these two effects are 
probably produced b\ the same component of the diastatie system. 
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A NOMOGRAPH FOR CEREAL LABORATORIES 

T. S. Leary 1 and F. F. Farley 2 

(Received for publication Julv IS, 1942) 

A nomograph is presented for converting percentages of protein, 
ash, fat, and fiber in cereal products to a dry basis. The dotted 
lines in the illustration shows the use of the nomograph for a cereal 
product of 20 1 '', moisture. 



A straight edge is made to coincide with point A and the moisture 
content (?.£., at 20% moisture). A perpendicular to the straight 
edge, such as a 90° triangle, is moved along the straight edge until the 
perpendicular coincides with the known percentage of protein, ash, 

1 Iowa State College, Ame*. Iowa 
1 Cmveraitv of Detroit, Detroit. Michigan 
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fat or fiber which has been determined on a wet basis ( e.g. t 15% pro¬ 
tein). This value is located on line AB. With the perpendicular in 
this position the percentage of the desired constituent on a dry basis 
is read from the nomograph at the point where the perpendicular 
crosses line AC (e.g ., 18.7 + percent protein on a dry basis). 

In practice a 20-by-20 inch nomograph is used. Values may be 
read to three significant figures with ease. 


BOOK REVIEW 

Natural and Synthetic High Polymers. By Kurt H. Meyer, translated by L. E. R, 
Picken, edited by H. Mark, xviii & 690 pp. Interscience Publishers Iih„ 
215 Fourth Avenue, New York. Price $11.00 

This is Volume IV in a series of excellent texts on high-polymer chemistry. 
Together with Volume II it comprises an English edition of Der Aufbau der hoch- 
polymerett organ ischen Na t nr staffe. 

The beginning chapters are concerned with explanations of the terms polymers, 
molecular weight, valence, etc. Following this the methods of characterization of 
high-molecular-weight substances by modern techniques and the interpretation of 
results are summarized. These techniques include viscosity, electrophoresis, ultra- 
centrifuge, osmotic pressure, and the x-ray. 

The next .section comprises an extensive discussion of wrious t\pes of high- 
molecular-weight compounds, beginning with the simple inorganic polvmers and 
proceeding to more complex types such as high-polymeric hydrocarbons and rubber, 
synthetic organic polymers containing esters, amides, ethers, etc 

Carbohydrates are discussed extensively in the light of theories gleaned from 
study of the relatively simple synthetic polymer systems Emphasis is given to 
constitution and structure, to the size, shape, and arrangement of the micelles, to 
chemical reactions, and to inter-reaction between chains. About 50 pages are de¬ 
voted to a corresponding discussion concerning starch grains and the starch molecule 
Proteins, including enzymes and viruses, are reviewed in a section of about 150 
pages. Here again emphasis is upon the characterization of size, shape, and struc¬ 
ture, and upon the effects of these on physical properties. The rubbery state ex¬ 
hibited by certain proteins is described in relation to the earlier discussed olasticit\ 
and extensibility of rubber itself. Other properties which are analyzed are solubility 
in water and salt solutions, association, flocculation, hydration, and dcnaturation. 

Solubility is considered by the author as deserving a section in itself. Here the 
effects of specific groups, chain length, pH, salts, and crystallinity are described as 
factors affecting solution. Fractional precipitation and gelation are described. A 
thermodynamic theory of solutions applied to high polymers is collected fiom the 
scattered literature and combined in the terminology of Lewis and Randall. 

Films, foils, and membranes, and the molecular structure of animal and plant 
tissues are discussed in the closing chapters. 

The author’s approach to the chemistry of proteins and carbohydrates is unique, 
when compared w r ith that of the usual texts on these subjects. It brings to the 
biochemist that fundamental physical chemistry which has been developed so suc¬ 
cessfully in the realm of synthetic polymers, and which is applicable to the more 
complex biological systems. In such a comprehensive treatise it has been impossible 
to cover any subject thoroughly; however, an abundance of references has been 
discriminate!}' chosen for those wishing more details. This book is well written by 
an author who shows an intelligent and critical mastery of the source material. 

Daniel W. Elam, Western Regional Research Laboratory, 

U. S. Department of Agriculture, 

Albany, California 
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THE NUTRITIVE VALUE OF WHEAT GERM PROTEIN 

E. L. Hove and C. G. Harrel 

IMIsbury Research Laboratory, Minneapolis, Minnesota 
(Read at the Annual Meeting May 1942) 

Wheat germ has had some use as a human and animal dietary 
supplement because of its high thiamin and flavin content. How¬ 
ever, little attention has been directed toward the use of wheat germ 
as a protein source although it contains as much as 30% protein. 
Many attempts have been made, some more or less successfully, to 
incorporate wheat germ in the baking of bread; but unless the germ 
is specially treated, more than 2% in the flour has a marked detri¬ 
mental efTect on loaf volume and color. The use of germ as a bread 
supplement has been motivated by its vitamin content and not pri¬ 
marily by its protein supplementing value. 

As far as we are aware no one has investigated the nutritive value 
of wheat germ protein for the growth of young animals. Boas-Fixsen 
and Jackson (1032), and Chick, Boas-Fixsen, Hutchinson, and Jack- 
son (1935), using the nitrogen equilibrium method on adult rats, have 
reported that the proteins of w heat embryo are of slightly superior 
value to those of the endosperm, and are about equal to whole-wheat 
and yellow r -mai7,e proteins. 

In this paper w r e present evidence that the protein of wheat germ 
is of as good quality and as good supplementation value as the pro¬ 
teins of skim milk powder and certain other animal proteins. The 
method used for determining the biological value of proteins is essen¬ 
tially that of Osborne, Mendel, and Terry (1919). This method 
involves the growth of young rats on a basal ration free from protein, 
but otherwise nutritionally complete, to w'hich has been added the 
equivalent of 10% of protein in the form of the food product to be 
tested. The biological value of the protein is calculated as the ratio 
of the body weight gain to the amount of protein ingested during the 
experimental period. 
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Experimental 

The basal ration: The composition of the principal basal ration 
used in this work is as follows: 


Protein source under test 

Sucrose 

Salt mixture 

Corn oil 

Cod-liver oil 

Liver extract powder 1-20 


X% 
(90—X) % 

4% 

4% 

1 % 

1 % 


Thiamin 
Riboflavin 
Pyridoxine 
Pantothenic acid 
Choline 


3 Mtf/g ration 
3 11 
6 14 
15 “ 

1000 44 


The only protein in this diet, other than the protein under test, is 
obtained from the 1% liver extract powder 1-20. This dried water 
extract of liver, containing 8% nitrogen (which is equivalent to 50% 
protein) will furnish 0.5% of crude protein to the basal ration. Al¬ 
though ideally the basal ration for protein quality work should contain 
no extraneous protein, there is reason to believe that the error caused 
by this inclusion is insignificant. In the first place the “ protein " of 
this liver extract powder is very poor in quality, as was shown when 
a group of four rats were placed on the basal ration in which 20% of 
this liver extract powder was the only source of protein. After four 
weeks the average gain in body weight was 5 g, and the average food 
consumption was 190 g, indicating a biological value for this “protein" 
of 0.25. The chances are slight that a protein of such poor quality 
will have any significant supplementing value at 0.5% in the ration. 

A second, and more important, reason for believing that 1% liver- 
extract powder in the ration causes no significant error in the biologi¬ 
cal values of the proteins under test is apparent from a considerable 
number of trials in which the liver-extract powder was omitted entirely 
from the basal ration. Some of these results are presented in this 
paper (Table I); they represent assays of the test proteins at 5% 
protein levels. 

At the 10% germ-protein level without liver extract a fair per¬ 
centage of the rats developed a severe hemorrhagic disease charac¬ 
terized by sudden onset, marked weight loss, severe anemia, and in 
most ca^es death within four days of onset. This seizure almost 
always occurred in animals which in the previous week or two had 
shown the most rapid growth and the greatest food consumption. 
From rats which failed to develop this condition it was evident that 
the biological value of the germ protein, as determined on this ration, 
fell well within the range of variation of the values that were deter- 
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mined on the ration containing the 1% liver-extract powder. The 
hemorrhagic disease described above did not occur in those rats on 
the 10% germ-protein ration plus the 1% liver-extract powder. This 
was the reason for including the liver extract in the rations used in 
the work reported below. In the calculations of biological values the 
protein of the liver extract was included as part of the total protein 
of the ration. 

The salt mixture used in the basal ration contained 14% calcium 
and 7.5% phosphorus. At a 4% level in the ration this salt mixture 
contributes 0.56% calcium and 0.30% phosphorus. The protein mate¬ 
rial used in the test diets contributed from 0.1% to 0.3% phosphorus. 

The protein materials tested and their protein contents on a " nat¬ 
ural" moisture basis were as follows: 


Rdw No. 1 wheat germ (N X 6.25) 28.5% 

Processed wheat germ 28.5 

Commercial casein 83.8 

Dried lean beef muscle (overnite 50°C) 85.0 

Skim milk powder (spray process) 34.5 

Boiled, dry egg whites 86.0 

Dried wheat gluten (55°C) 67.0 

“Average Amer. Diet, Plant Sources” 11.7 


The ''average American diet, plant sources 0 used for some of the 
supplementation-power studies has the following composition: 



Percent 

Percent 


h> weight 

of total 


(dry basis) 

protein 

Patent flour 

44 

49.0 

Entire wheat 

8 

10.1 

Yellow corn 

23 

19.1 

Potatoes 

20 

18.6 

Oatmeal 

1.1 

1.4 

Rye 

1.4 

1.6 

Rice 

0.6 

0.5 

Bariev 

0.8 

0.5 

Buckwheat 

1.1 

1.2 


None of the food materials were cooked. The potatoes were dried 
raw at room temperatures by means of a fan. 

The animals: Four male albino rats, closely inbred and uniform, 
were used per group. They were housed individually in a room with 
the temperature contioiled at 76°F. The rations were fed ad libitum 
and food consumptions recorded. The rats were weighed weekly 
during the four-week experimental period. The quality, or biological 
value, of the protein under test was determined from the average 
total weight gain in four weeks, the average food consumption during 
the corresponding period, and the protein (N X 6.25) contained in 
the mixed rations. The biological value is expressed as the gain in 
body weight per gram of protein consumed. 
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Results 

Sole-source protein studies: The qualities of wheat-germ protein and 
of several animal proteins were determined by feeding them at various 
levels as the only proteins in the basal ration. 

Table I shows the results obtained by feeding the various protein 
sources at about 5% levels. The liver-extract powder was omitted 
from the basal ration in this series. The variations within the groups 
are quite large, which is understandable when the low magnitude of 
body-weight gain and food-consumption figures are noted. However, 
there is little difference in the average biological values of the four 

TABLE I 

Biological Value of Wheat Germ Protein as Compared to Animal 
Proteins as the Sole Source of Protein at a 
5% Level in the Basal Ration 

(Four rats per group. Time on experiment: four weeks. 

Starting weight of the rats 45 ± 4 g.) 



Protein 


I Body weight 


j 

i 

Biological value 

Protein 

in 

HjO in 

gain 

range 

Food intake, j 

of protein 

source 

ration 

ration 

and 

range and av erage 

range and 


(N X6 2«>) 


average 



average 


"0 

'0 

R 

R 

R 

R 



Wheat 









germ 

Egg 

white 

4.70 

2.0 

12-25 

19 

197-235 

211 

1.40-2.88 

2.12 

4 70 

1 8 

14-24 

18 

154-222 

177 

1 72 2 28 

2 02 

Skim 

milk 

Casein 

5.40 

23 

17-28 

22 

168-341 

240 

1.20-2 41 

1.83 

+ 1 % 
cystine 

5.60 

2.2 

14-30 

19 

144-202 

179 

1.40-2.64 

1.88 


proteins tested at this low level. From these results it can be con¬ 
cluded that wheat-germ protein is at least as good in quality as are 
the animal proteins. 

The results of feeding the protein sources at approximately a 
10% protein level in the ration are shown in Table II. It appears 
that at this level small variations in the protein content of the ration 
have a marked effect on the apparent biological value. ForVxample 
germ protein at 9.3% had a biological value of 2.87. This value fell 
to 2.41 when the protein content was increased to 11.7% of the ration. 
However, it is fully evident that the wheat-germ protein compared 
favorably with tie* various animal proteins tested. 

The above results were obtained on suboptinial protein levels. 
The feeding of germ protein and other proteins at levels higher than 
10% or 11% will not, of course, give significant figures on biological 
values, but will give further qualitative indications of the nutritional 
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TABLE II 

Biological Value of Wheai Germ Protein as Compared to Animal 
Proteins as the Sole Source of Protein at Approxi¬ 
mately 10% of the Basal Ration 


(Four rats per group. Time on experiment four weeks. 
Starting weight of the rats 45 =b 4 g.) 


Protein 

source 

Protein 

in 

ration 
(N X6.2S) 

HjO 

in 

ra¬ 

tion 

Body weight 
gain, range 
and 

average 

Food intake, 
range and average 

Biological value 
(growth/protein), 
range and 
average 


% 

% 

i 

g 

g 

g 



Wheat 









germ 

9.3 

3.8 

54-64 

59 

218-225 

222 

2.60-3.15 

2.87. 


10.2 

4.0 

75-96 

86 

271-337 

300 

2.74-2.82 

2.79 


11.4 

5.6 

90-102 

97 

311-357 

338 

2.43-2.57 

2.52 


11.7 

5.2 

88-110 

96 

328-363 

342 

2.23-2.63 

2.41 

Casein 

10.7 

3.6 

44-78 

63 

227-278 

258 

1.81-2.60 

2.26 

' 

11.4 

4.7 

73-84 

79 

275-314 

296 

2.21-2.40 

2.34 

Skim milk 

10.7 

3.0 

81-117 

100 

262-374 

327 

2.70-2.92 

2.85 

Egg white 

10.0 

2.8 

73-93 

83 

i 

305-342 

313 

i 

2.38-2.72 

2.58 


completeness of the protein of wheat germ. The results of higher- 
protein-level feeding are shown in Table III. A sample of wheat 
germ, processed in a manner which makes it a suitable food for human 
consumption and improves its keeping quality, was included in these 
tests and as can be seen from Table III the nutritional value of the 
protein was unimpaired. 

From the foregoing work it can be concluded that the protein of 
wheat germ as the sole protein in the diet is of as high a nutritional 
quality as animal proteins such as casein, skim milk powder, dried egg 
white, and beef muscle. 


TABLE III 

Growth of Rats on Wheat Germ Protein as Compared with the Growth on 
Certain Animal Proteins as the Sole Protein Source 
at Higher Levels in the Diet 

(Four rats per group. Time on experiment four weeks. 

Starting weight of the rats 45 =fc 4 g.) 


Protein source 

Piotcin 
(N X6.25) 

HjO in 
ration 

Food intake, range 
and average 

Body weight gam. 
range and average 


% 

% 

g 

g 

g 

g 

Wheat germ, raw 
Wheat germ, 
processed 

18.3 

Of0 

352-366 

360 

1 126-132 

128 

17.8 

8.1 

360-415 

387 

136-140 

138 

Casein, commercial 

18.0 

4.2 

324-395 

358 

121-148 

131 

Casein, commercial 

15.4 

4.6 

352-359 

355 

108-118 

114 

Skim milk powder 

15.2 ! 

3.9 

339-368 

354 

116-129 | 

122 

Beef muscle (dried) 

14.5 

6.6 

293-320 

306 

115-128 

121 

Beef muscle (dried) 

35.0 

8.7 



120-136 

128 
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GROWTH: 0*20 2.38 2.54 gram* per .day 

BIOL. 

VALUE: 0.43 2.12 2.38 gr owth/gm. Prottln 

Fig. 1. The value of wheat-germ protein as compared with casein protein in the supplementation 
of gluten protein. Graphs represent growth rates of rats (4 per group) on diets containing 10% ot 
protein. 



Fig. 2. The value of wheat-germ protein as compared with casein protein in the supplementation 
of proteins from the composite “plant sources of the American diet." Graphs represent growth rates 
of rats (4 per group) on diets containing 10% of protein. “ A.A.D." represents “average American 
diet—plant portion.” 
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The supplementing value of germ protein: Two experiments were 
carried out in which small amounts of wheat-germ protein were com¬ 
pared with the same amounts of casein as to their ability to improve 
the biological values of poor-quality vegetable proteins. 

In the first experiment gluten was used as the basal protein source. 
The results are summarized in Figure 1. Gluten as the sole source of 
protein did not support growth. The substitution of one-fourth of 
the gluten protein with wheat-germ protein or casein protein resulted 
in marked growth responses of about equal degree for the two supple¬ 
ments, and a considerable increase in the biological values of the total 
proteins. 

In the second experiment the composite “average American diet, 
plant sources" was used as the basal protein source. The results are 
shown in Figure 2. As the sole protein source the composite plant 
portions do support growth although not efficiently, the biological 
value being 1.15. Wheat-germ protein and casein protein are about 
equal in their supplementing values for this basal protein material. 

Discussion 

The results reported in this paper are, we believe, the first data 
indicating superior properties of wheat-germ protein for the growth 
of rats, as well as its equality to casein in supplementing poor-protein 
diets. An increased use of wheat germ in the American dietary 
would not only improve many of these diets (which are at present 
low in protein quality), but could also replace some of the animal 
proteins in the better diets. Furthermore wheat germ has high levels 
of thiamin and riboflavin, and is equal to whole wheat in nicotinic acid 
content. It is also an excellent source of many essential mineral ele¬ 
ments such as copper, iron, and zinc. 

What are the available quantities of wheat germ, which is a by¬ 
product of the milling industry? The milling yield is only about 
0.5% of the wheat, although wheat actually contains close to 3.0% 
germ. At present the germ w hich is not separated as a distinct frac¬ 
tion during the milling process goes chiefly into the mill feed fractions— 
the bran, shorts, and midds. In 1941 about 15 million tons of wheat 
were milled into white flour in the United States. This indicates a 
potential germ production of at least 150 million pounds, with possibly 
three times this figure on the basis of higher yields. For comparison, 
there were 500 million pounds of dry skim milk powder produced in 
the United States during 1941 (Van Leer, 1942). 

The objections to the use of wheat germ in the human dietary 
are its "green" or "feedy" taste and smell, and the fear of rancidity 
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due to its high fat content. These objections can be effectively re¬ 
moved by a number of procedures now available. 

Summary 

The protein of wheat germ has a high biological value as deter¬ 
mined by the Osborne-Mendel rat-growth method. With protein 
levels of from 9.3% to 11.7% of the basal ration the biological value 
varied from 2.87 to 2.41. For comparison, the biological values of 
certain animal proteins fed at a 10% level were: commercial casein 
2.30; dry skim milk, 2.85; boiled dry egg white, 2.58. 

The biological value of the proteins derived from the composite 
plant sources of the “average American diet” was 1.15 at a 10% 
protein level in the diet of growing rats. 

Wheat germ and casein proteins are equally effective as supple¬ 
ments to poor-protein diets. Rations in which the “average Ameri¬ 
can diet, plant sources” furnished 7.5% protein and either wheat 
germ or casein furnished the remaining 2.5% showed total biological 
values of 2.00 and 2.06 respectively. Similarly, at 6.7% protein from 
the “average American diet” and 3.3% protein from wheat'germ or 
casein, the biological values of the total proteins were 2.12 and 2.28, 
respectively. 

At higher protein levels wheat germ as the sole protein in the diet 
promotes growth in young rats equal to that obtained on higher levels 
of casein, skim milk powder, or dry beef muscle. 

Heat processing of wheat germ, adequate to make it suitable for 
human consumption, and to give it better keeping quality, has no 
effect on the biological value of the protein. 

The yearly potential output of wheat germ in the United States 
has been calculated to have been at least 150 million pounds in 1941, 
assuming a milling yield of 0.5%. This is compared to the output of 
dry skim milk powder during 1941 of 500 million pounds. 

It is suggested that wheat germ can be utilized in the human 
dietary and in nonruminant animal feeds as a supplemental protein of 
high biological value. 

Literature Cited 

Boas-Fixsen, M. A., and Jackson, H. M. 

1932 The biological value of proteins of wheat, corn and milk. Biochem. J. 
26: 1923-1933. 

Chick, H., B ias-Fixsen, M. A., Hutchinson, J. C., and Jackson, H. M. 

1935 The biological value of proteins. VI. Biochem. J. 29: 1712- 1719. 
Osborne, T. B., Mendel, L. B., ana Terry, E. L. 

1919 A method of expressing numerically the growth-promoting value of pro¬ 
teins. J. Biol. Chem. 37: 223-229. 

Van Leer, C. C., Jr. 

1942 Milk drying under war conditions. Chcm. and Eng. News 20: 276“ 278. 



THE EFFECT OF MILLROOM TEMPERATURE AND RELATIVE 
HUMIDITY ON EXPERIMENTAL FLOUR YIELDS 
AND FLOUR PROPERTIES 1 

E. G. Bayfield , 2 J. E. Anderson , 2 
and 

W. F. Geddks,* and F. C. Hildebrand 4 

(Read at the Annual Meeting, May 1942) 

Atmospheric conditions have long been considered important factors 
in commercial milling. Many investigators have concluded that vari¬ 
ations in these conditions have a pronounced effect upon the milling 
process and the character of the products. Thus Guthrie and Norris 
(1912) considered that flour moisture and total yields depended more 
on atmospheric conditions in the mill than upon the moisture content 
of the wheat. Miller (1924) stated that control of moisture in mill 
stocks is actually a problem of controlling the deficiency of moisture in 
the air in contact with these stocks. He considered that high air 
temperatures produced high evaporation losses and made proper con¬ 
ditioning of the air difficult. 

Ferguson (1925) found that the commercial mill worked best when 
the conditioned air was kept between 65° and 70°F during the winter 
months and as cool during the summer as well water could make it. 
Conditioning the air increased the capacity of the mill during the 
summer months. Henkle (1928) observed during a 10-month operating 
period that the temperature ranged from 72° to 84°F, with an average 
relative humidity of 62%. He observed that evaporation from mill 
stocks during milling was twice as great during the summer as in the 
winter. Cooling by roll, purifier, and elevator suction was considered 
mainly due to evaporation. Pence (1933) presented data indicating 
that moisture is absorbed by some stocks when relative humidities in 
millrooms are maintained higher than 65%. He reported that varia¬ 
tion in size of openings in silk bolting cloth due to changes in humidity 
in these experiments was so slight that little change in bolting capacity 
resulted. 

Arnold (1937) considered that the most important part of air con¬ 
ditioning in the commercial mill was the removal of excessive heat. 
He maintained his roll floor at 78°F and 55% RH. Melvin (1922) 
preferred winter temperatures of 60 o -70 o F in the mill building and 

1 Contribution No. 87, Department of Milling Industry, Kansas Agricultural Experiment Station; 
Paper No. 2008, Scientific Journal Series, Minnesota Agricultural Experiment Station, Paper No. 44, 
Journal Series. General Mills, Inc., Research Laboratories. 

* Head and Instructor, respectively, Department of Milling Industry, Kansas State College. 

1 Professor of Agricultural Biochemistry, University of Minnesota. 

4 Research Chemist, General Mills, Inc., Research Laboratories. 
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found that higher temperatures necessitated compensation through 
decreased rate of feed to the first break rolls. 

Some millers prefer relatively low humidities in the millrooms. 
Thus Arnold (1937) quotes May as preferring 40% RH or lower. 
Robbins (1940) also considered 40% a desirable relative humidity for 
mill rooms. Vilm (1924) has pointed out that controlling the tempera¬ 
ture of mill stocks and relative humidity within the roll stands was 
equally as important as controlling the atmospheric conditions in the 
mill rooms. He maintained that uniform temperature of stocks, ob¬ 
tained by correct roll settings, is important and cited temperature 
differences of as much as 44°F obtained by Herman (1924) when 
subjecting stocks to coarse or fine grinding. It seems evident that 
temperature changes of this magnitude, produced by slight differences 
in roll settings, are sufficient to influence milling results materially. 

It is evident that any consideration of the effect of atmospheric con¬ 
ditions upon milling and mill products must include the possible effects 
of the interaction of many different factors—roll temperatures, rate of 
air movement, and moisture content of the stocks being among the 
more important. Anderson (1936) believed that more heat must be 
removed from the rolls and stocks by evaporation than by radiation; 
otherwise temperatures far above practical limits would be attained by 
the stocks and rolls. During milling the moisture content of various 
stocks tends toward equilibrium with the moisture of the surrounding 
environment, and variations in moisture content affect the yield of 
products materially. While Shollenberger (1921) found no apparent 
relationship between air temperature and yield of products, he did 
conclude that humidity was a minor factor of importance. He found 
no relationship between flour moisture and amount of added tempering 
water. This is opposed to the findings of Frank (1926), who found that 
moisture added to commercial mill mixes influenced the moisture con¬ 
tent of the flour milled. 

Considerable work has been reported upon the equilibrium relative 
humidities of wheat and flour, these studies indicating that with an 
increase in relative humidity the moisture content of the product may 
be expected to increase. Among others, Bailey (1920) observed that 
an 80% RH was required to maintain a 15% moisture content in flour. 
Coleman and Fellows (1925) measured the equilibrium relative hu¬ 
midity o^er hard winter wheat and found that 45% RH maintained 
11.76% moisture in the wheat, 60% RH maintained 14.27% and 75% 
RH maintained 17.13%. Their observations showed that wheat re¬ 
sponded readily to changes in humidity of the surrounding air, the rate 
of change depending upon the condition of exposure. Anderson (1937) 
found a change of about 5% in equilibrium humidity for each 0.9% 
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change in wheat moisture. Working with hard winter wheat he found 
50% RH was needed to maintain 12% moisture in the wheat, 60% RH 
maintained 13.75% and 70% RH maintained 15.6% moisture in this 
lot of wheat. Recently Anker, Geddes, and Bailey (1942) have re¬ 
ported upon moisture changes of stored flour. Their results indicated 
clearly that flour moisture was influenced by both relative humidity 
and temperature of air in the storage chamber. They have reviewed 
the literature pertaining to flour moisture as influenced by humidity in 
storage. 

Experimental milling, particularly with batch-type mills of the 
Allis type, differs drastically from continuous-flow commercial milling. 
In the former the mill stocks are exposed directly to the atmospheric 
conditions of the millroom to a varying degree, whereas in the latter the 
various stocks and flours are influenced only indirectly by the conditions 
in the mill building as the flour stocks are enclosed by the milling 
machines. It may be expected that the stocks within the milling ma¬ 
chines are exposed to both warmer and more moist air than within the 
mill building for at least a major portion of the time during the milling 
operations, because moistened (tempered or conditioned) wheat is fed 
into the system continuously and heat is generated by the milling 
machines. Miller (1923) has pointed out the very different conditions 
encountered in experimental milling as compared to those in practical 
flour milling where heat generated by the rolls accumulates hour after 
hour. The heat generated by roll action and by other equipment in 
turn affects the amount of moisture in the air surrounding the equip¬ 
ment. These changes in turn affect milling to a varying degree. 
Markley and Bailey (1934) found that the diastatic activity of experi¬ 
mentally milled flour was reduced by increasing the relative humidity. 
On the other hand, Van Scoyk (1927) was unable to detect changes in 
ash, flour yield, flour color, or baking quality when the mill varied in 
humidity from 45% to 55% in one day or from 33% RH in December 
to 55% in J uly. The principal observable change was in flour moisture. 

Reports of various investigations show that a relatively wide range 
of humidities has been used in experimental millrooms. Singh and 
Bailey (1940) used a relative humidity of 85%~90%; Geddes and West 
(1929), Geddes, Bergsteinnson, and Hadley (1933) used 70%; and 
McCluggage (1940), 50%. Less attention seems to have been given 
millroom temperatures, although Geddes and West (1929) concluded 
that variations in this factor had a significant effect on flour yield. 

Micka and Vrana (1930) studied the influence of humidity and 
temperature upon sifting. They obtained the best results at 70°F and 
70% RH. Ziegler (1940) studied the effect of several factors upon 
diastatic activity of flour. He believes that the higher maltose values 
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obtained from commercially milled flours are due to higher roll temper¬ 
atures found in commercial plants. 

Ziegler’s conclusion is particularly interesting in view of roll tem¬ 
perature observations made by the senior author (unpublished) in 
grinding soft wheat. In this experiment temperatures of air and stock 
were taken automatically every two minutes immediately below the 
rolls in an Allis experimental mill operated in a room held at 80°F and 
70% RH. It was found that the rolls required from 6 to 8 hours of 
milling time to attain an equilibrium condition. Approximately the 
same length of time was required for the rolls to reach room tempera¬ 
ture after completion of the day’s work. It was also found that 
lubricating the roll bearings with hard oil lowered the operating roll 
temperatures materially. 

Hite (1940), from a study of data accumulated in a collaborative 
experiment, indicated that the use of controlled atmospheric conditions 
in the experimental millroom improves the reliability of flour yield 
determinations. Full atmospheric control (at 75°F and 65% RH) 
made possible the detection of differences in yield of one pound of wheat 
per barrel of flour. Bayfield, Bode, Hartsing, and Pettijohn (1940) and 
Bayfield, Bode, Hartsing, and Heizer (1940), using closely controlled 
millroom conditions (± 1°F and =t 2% RH) obtained definite differ¬ 
ences in flour ash, viscosity, and baking results with soft wheats from 
two crop years by varying the atmospheric conditions in the experi¬ 
mental millroom. 

Examination of work done by various investigators indicates the 
complexity of the problems concerning the atmospheric environment 
surrounding the flour particles during milling. Many seemingly con¬ 
tradictory statements are undoubtedly due to the action of one or more 
factors which have not been controlled during the course of the in¬ 
vestigations. It is, however, evident that both atmospheric tempera¬ 
ture and relative humidity influence the moisture content of flour. 
During milling the flour is exposed to the atmosphere in thin streams 
and therefore may be expected to respond rather rapidly to atmospheric 
changes. Furthermore, these atmospheric changes influence the 
milling equipment which in time may (if not completely compensated 
for by adjustment) produce changes in flour properties. Alsberg and 
Griffing (1925) concluded from their work that flour properties may be 
altered b" mechanical treatment. If, as Miller (1941, p 466) main¬ 
tains, the milling process influences flour quality, then a great deal of 
careful research will be required in order to catalogue the effects of the 
various factors which enter into milling. 

The principal purposes of experimental milling are to find how a 
wheat may be expected to mill commercially without carrying out a 
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large-scale test on the commercial plant and to obtain a sample of flour 
which will be representative of flour which would be produced from the 
wheat if it were milled commercially. It is the consensus of opinion 
among practical millers that the milling operations do affect the 
qualities of the flour produced. If this be true then it is essential that 
flours produced in the laboratory should be milled under conditions and 
by methods which resemble the commercial operations as closely as 
possible. If this is not done then the analysis of the flour will not be 
made upon a product similar to that which will result from the com¬ 
mercial milling of the wheat. It is realized that experimental milling 
techniques available at present are unfortunately, at best, relatively 
crude approximations of the commercial process. 

The studies reported at this time constitute a continuation of 
milling studies on hard red winter wheats which have been under way 
at Kansas State College for several years, and of the studies on soft 
winter wheats reported by Bayfield ei al (1940). The present investi¬ 
gation had as its principal objectives: (1) to determine whether varia¬ 
tion in millroom atmospheric conditions affects flour yields and flour 
properties; (2) to determine whether optimum atmospheric conditions 
for milling exist; (3) to determine whether different wheat varieties 
respond similarly to variations in the atmospheric conditions of the 
millroom. 

Plan of Experiment 

Two varieties of wheat were milled in duplicate on each of two mills 
at millroom temperatures of 70, 80, and 90°F and at 40, SO, 60, 70, 
80, and 90% relative humidity at each temperature level, thus pro¬ 
ducing a total of 144 samples. The two varieties were milled in 
alternate order; because of the difficulty in altering millroom conditions 
the duplicate samples were milled on the same day. 

Flour yield values were computed as percentage of straight grade 
flour. Granulation tests were made, by sifting, on all flours milled at 
70°F and upon those milled at 80 and 90°F and 70% relative humidity. 

Moisture, protein, ash, and diastatic activity determinations and 
baking tests were carried out in duplicate on all flours. 

Materials and Methods 

Bulk lots of high-grade 1939-crop pure Tenmarq and Kanred wheats 
grown in western Kansas were used in this investigation. Analytical 
data for these wheats are given in Table I. Sufficient wheat for the 
entire experiment was cleaned on a laboratory separator, dry-scoured 
and stored in large metal containers. A 2,000-gram subsample was 
withdrawn for each milling and tempered to 16% moisture by adding 
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TABLE I 

Analysis of Wheat 


Variety 

Test weight 1 

Moisture 

Protein* 

Ash* 


lbs 

% 

% 

% 

Tenmarq 

62.0 

10.4 

15.7 

1.54 

Kanred 

62.4 

8.9 

15 9 

1.55 


1 Cleaned and scoured. 
*15% moisture basis. 


water at approximately 65°F and allowing the sample to stand for 16 
hours at approximately 90°F. The sample was again scoured and an 
additional 1% moisture added immediately prior to milling. 

The wheats were milled on a Buhler mill (representative of the con¬ 
tinuous-flow, enclosed, automatic type of experimental mill) and also 
on an Allis-Chalmers batch-type mill in which the stocks are handled 
manually. Specifications for these mills are shown in Table II. 

Atmospheric conditions in the millroom were maintained within ap¬ 
proximately do 2°F and zb 3% RH by means of air circulated from a 
conditioning unit suspended near the ceiling. This unit heated or 
cooled, humidified or dehumidified the air automatically as required. 
The equipment was found somewhat deficient in capacity at the highest 
humidity levels, and supplementary humidification was supplied from 
a Carrier conditioner located in the same building. A continuous 
record of atmospheric conditions was obtained each day by means of a 

TABLE II 

Specifications for Mills and Flows Used in Experiment 


Mill 

Allis 

Buhler 

Type of flow 

discontinuous 

continuous 

Rate of feed 

fixed 

fixed 

Breaks: 

Number used 

4 

3 

Corrugations per inch 

16 (all 4 breaks) 

16, 21, 26» 

Spiral per foot 

Type of corrugation 

Mode of operation 

i" 

r i 

modified Dawson 

saw tooth 

dull to dull 

dull to dull 

Differential 

2.8 : 1 

2 : 1 

Roll adjustment 

fixed * 

fixed 3 

Reductions: 

Number used 

9 

3 

Roll surface 

sanded 

Peerless cut 

Differential 

1.4 : 1 

2 : 1 

Roil adjustment 

fixed * 

fixed 

Fast roll speed (rpm) 

420 

500 

Sifting 

fixed 4 

fixed 


1 Values only approximate—converted from metric system. 

* Rolls set as accurately to constant spacing as possible. 

• Set at beginning of day’s operation and locked in place. 

4 Sifted for definite time interval, held constant throughout experiment. 
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recording wet and dry bulb thermometer, checked at intervals by a 
sling psychrometer. 

About 18 hours before milling, the controls were brought into ap¬ 
proximate adjustment for the conditions desired. The mills were 
started before actual milling operations were undertaken so that final 
adjustments could be made and the room conditions brought to equi¬ 
librium. Finally, a "warm-up’' sample was milled on each mill 
simultaneously and then the actual experimental milling was under¬ 
taken. Both mills were in operation at the same time and all adjust¬ 
ments were made by the same operator. 

At the end of each day the flours were rebolted through a 9 XX silk, 
thoroughly mixed mechanically and placed in tightly closed containers. 
Subsamples were taken for chemical analyses and for granulation tests, 
the balance being stored for about one month at room temperature and 
then held in cold storage until baked. 

Granulation tests were made by mechanical sifting under controlled 
conditions using the following sieves: 14 XX, 18 S, 20 S, and 25 S, and 
the weight distribution determined. 

Protein, ash, and diastatic activity determinations were made in 
duplicate as described in Cereal Laboratory Methods (4th ed., 1941). 
Flour yield, protein and ash values were corrected to a 15% moisture 
basis. All flours were baked in duplicate using the A. A. C. C. fermen¬ 
tation times and temperatures and a formula comprising 100 g flour 
(15% moisture basis), 6 g sugar, 1.5 g salt, 2 g yeast, 3 g shortening, 4 g 
dry milk solids, 3 mg potassium bromate, 0.25 g malt syrup, and 
sufficient distilled water for optimum absorption. The same mixing 
time was used for all samples of each variety. 

Results 

The data obtained have been submitted to analyses of variance. 
For these analyses, the mean values of duplicate analytical determi¬ 
nations and baking tests for each milling sample were taken; accord¬ 
ingly, the duplicate error is that between millings. To arrive at a value 
for experimental error, a comparison was made between the duplicate 
error and that of the combined second and third order interactions. If 
this interaction variance was significantly greater than the duplicate 
variance it was used as the error to test the significance of the various 
first order interactions. Any nonsignificant first-order interactions 
were then pooled with the higher-order interactions and the resulting 
value used as the error variance for testing the significance of the re¬ 
maining variances. Such analyses were carried out on the data for 
each mill and for the combined results with both mills. 
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TABLE III 

Significance or Main Effects and First-Order Interactions 1 


Variance due 
to differences 
between 

Yield 

Granulation 

Moisture 

Ash 

AI* 

Bu« 

Both 




A1 





Both 

Mills 



44 



44 



44 



44 

Varieties 

44 

— 

44 

+ 

44 

44 

— 

— 

— 

— 

— 

— 

Temperature 

4* + 

44 

44 

— 

— 

4 

— 

4 4 

44 

44 

44 

44 

Humidities 

4-4- 

++ 

44 

4 

++ 

++ 

4 

++ 

++ 

44 

44 

44 

Interactions 













M X V 



44 



— 



— 



— 

M X 1 



— 



— 



4 



44 

M X H | 



44 



4 4 



— 



4 

V X r 

-; 

44 

— 



— 

— 

— 

— 

— 

— 

— 

V X H 

— 

— 

— 



— 

— 

— 

— 

— 

— 

— 

T X H 

44* 

4 

44* 




44; 

44 

44 

44 

i_ 

++ 

44 


Variance due 
to difference* 
between 


Protein 


Maltose value 

Loaf volume 

1 u 

Bu 

Both 

A1 

Bu 

Both ' 


Bu 

Both 

Mills 

Varieties 

44 

++ 

4 4 
44 

44 

4 4 

44 

44 

44 

44 

++ 

Temperature 

44 

44 

44 

44 

44 

44 

— 

— 

— 

Humidities 

44 

44 

44 

44 

i 

44 

44 

— 

44 

44 

Intel actions 

M X V 

M X I 

M X H 

V X T 

: 


_ 

! 

! 

i 

44 

44 



— 

V X H 

— 

— 

1- 

— 

i- 

i- 

— 

— 

— 

I X H 

— 

,- 

1- 

44 

I 44 

44 

i- 

— 

— 


1 f + denote* significance exceeding P { point 
4- denote* significance exceeding S iT t point 

-denotes nonsignilicance. 

* A1 - Allis, Du * Buhler 


The results of these variance analyses are summarized in Table III, 
which shows the significance of the main effects and first-order inter¬ 
actions for flour yield and all flour properties studied. The general 
magnitude and direction of the effects of the principal variables on flour 
yield and each flour property, except granulation, are diagrammatically 
represented in Figure 1. For convenience and clarity the mean values 
and each significant interaction are tabulated separately for flour yield 
and each flour property. 

Flour yield: The mean values for flour yield are shown in Table IV. 
The Buhler mill gave a much higher yield than the Allis under the con¬ 
ditions of this experiment. It should be mentioned, however, that all 
Allis mill yields obtained by using one pair of break rolls and one pair 
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TABLE IV 

Mean Values and Standard Errors for Flour Yield 1 




Mill 


Variable 

Allis 

Buhler 

Both 


% 

% 

% 

Mills 

60.48 

69.25 

(64.87) 

Varieties 

Tenmarq 

59.52 

(69.22) 

64.37 

Kanred 

61.44 

(69.29) 

65.36 

Temperature 

70°F 

62.27 

70.76 

66.51 

80 

61.00 

69.51 

65.25 

90 

58.17 

67.50 

62.83 

Relative humidity 

40% 

63.16 

70.69 

66.93 

50 

63.84 

70.75 

67.30 

60 

63.16 

70.17 

66.67 

70 

61.00 

69.11 

65.06 

80 

57.99 

67.89 

62.94 

90 

53.71 

66.90 

60.30 

Standard error of 

1.47 

1.33 

1.40 


single milling 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in italics the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 


INTERACTION OF VARIETIES X TEMPERATURES—BUHLER MILL 


Variety 


Temperature 


70°F 

80°F 

90°F 

Mean 


% 

% 

% 

% 

Tenmarq 

69.98 

69.69 

67.98 

69.22 

Kanred 

71.53 

69.32 

67.01 

69.29 

Mean 

70.76 

69.51 

67.50 

69.25 


Interaction significance exceeds 1% point. 


INTERACTION OF TEMPERATURES X HUMIDITIES—ALLIS MILL 


Temperature 


Relative humidity 

70°F 

80°F 

90°F 

Mean 

% 

% 

% 

% 

% 

40 

62.42 

63.58 

63.50 

63.16 

50 

64.20 

64.00 

63.32 

63.84 

60 

65.10 

62.68 

61.72 

63.16 

70 

64.85 

60.08 

58.08 

61.00 

80 

61,40 

60.52 

52.02 

57.99 

90 

55.62 

55.12 

50.38 

53.71 

Mean 

62.27 

61.00 

58.17 

60.48 

Interaction 

significance exceeds 1 % point. 
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TABLE IV—( Continued) 

INTERACTION OF TEMPERATURES X HUMIDITIES 


BUHLER MILL 




Temperature 


Relative humidity 

70°F 

80°F 

90°F 

Mean 

% 

% 

% 

% 

% 

40 

72.58 

70.28 

69.22 

70.69 

50 

71.90 

70.50 

69.85 

70.75 

60 

71.12 

70.20 

69.20 

70.17 

70 

70.82 

69.88 

66.65 

69.11 

80 

69 12 

69.70 

64.85 

67.89 

90 

69.00 

66.50 

65.20 

66.90 

Mean 

70.76 

69 51 

67.50 

69.25 


Interaction significance exceeds 5% point. 


BOTH MILLS 


Temperature 


Relative humidity 

70°F 

80°F 

90°F 

Mean 

% 

% 

% 

% 

% 

40 

67.50 

66.92 

66 36 

66.93 

50 

68.05 

67.25 

66.59 

67.30 

60 

68.11 

66.44 

65.46 

66.67 

70 

67.84 

64.98 

62.36 

65.06 

80 

65.26 

65.11 

58.44 

62.94 

90 

62.31 

60.81 

57.79 

60.30 

Mean 

66.51 

65.25 

62.83 

64.87 


Interaction significance exceeds 1% point. 


of reduction roils are at least 1.5% to 2.0% too low. This is due to 
incomplete clean-up of bran, sample spillage, and the presence of 
unreduced middlings found during rebolting which were not included 
in the flour weight. These middlings had apparently passed over the 
topsof thesievesduringsiftingandcollectedin the flour pan. Tenmarq 
wheat gave a lower yield on the Allis mill than did Kanred, whereas 
with the Buhler mill the yield values were virtually identical. This 
differential behavior is responsible for the significance of the mills 
X varieties interaction indicated in Table III. With each mill the 
yield decreased markedly with increasing millroom temperature and 
with increasing millroom humidity. The effect of temperature was 
consistent between mills but, as shown in Table IV, the effect of hu¬ 
midity was more pronounced with the Allis mill. This contrasting 
behavior presumably is to be ascribed to the fact that in the Allis mill 
the stocks are more exposed to the atmospheric conditions in the 
millroom than is the case with the Buhler. This effect is also reflected 
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in the increasing difference in yield between mills as the relative hu¬ 
midity is raised from 60% to 90%. 

With each mill, the effect of humidity depended upon the tempera¬ 
ture, becoming more pronounced as the temperature was increased; 
this is more noticeable in the instance of the Allis mill. 

Flour granulation: Flour granulation tests were not made on all 
samples but only for the samples milled at 70°F for all relative hu¬ 
midities and at 70% relative humidity for all temperatures. Single 
siftings were made employing 14 XX, 18 S, 20 S, and 25 S on each of the 
duplicate millings for the above millroom conditions. The results were 
expressed as percentage overs on each sieve and the percentage through 
25S. Inspection of the data indicated that millroom conditions af¬ 
fected only the percentages of the coarsest and finest fractions, the 
amount of each of the intermediate fractions being essentially constant. 
It follows, therefore, that the variations in the coarsest and finest frac¬ 
tions must be complementary since the total of all fractions equaled 
100%. These assumptions were verified by calculation of the correla¬ 
tion between the overs on the 14 XX and the throughs passing the 25 S, 
a correlation coefficient of — .88 being obtained. Accordingly, the 
granulation of the flours could be adequately characterized by use of 
either of these measures. In this study the percentage flour passing 
the 25S was arbitrarily chosen for variance analysis, the results of 
which are shown in Tables III and V. 

TABLE V 

Mean Values for Flour Granulation 1 


(Values as percent passing 25 S) 




Mill 



Allis 

Buhler 

Both 


% 

% 

% 

Mills 

38.4 

48.0 

(43.2) 

Varieties 

Tenmarq 

36.7 

46.3 

41.5 

Kanred 

40 2 

49.8 

45.0 

Temperatures 

70°F 

(44.4) 

(48.8) 

46.6 

80 

(36.8) 

(45.8) 

41.3 

90 

(37.2) 

(40.8) 

39.0 

Relative humidity 

40% 

38.0 

44.4 

41.2 

50 

36.2 

45.0 

40.6 

60 

33.1 

47.0 

40.1 

70 

44.4 

48.8 

46.6 

80 

43.3 

50.2 

46.8 

90 

35.6 

52.6 

44.1 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in ttaltcs the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 
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TABLE VI 

Mean Values and Standard Errors for Flour Moisture 1 


Variable 



Mill 


Allis 

Buhler 

Both 



% 

% 

% 

Mills 


13.04 

14.65 

(13.84) 

Varieties 





Tenmarq 


(13.03) 

(14.68) 

(13.85) 

Kanred 


(13.04) 

(14.62) 

(13.83) 

Temperature 





70°F 


(13.16) 

14.90 

14.03 

80 


(13.18) 

14.49 

13.83 

90 


(12 78) 

14.57 

13.67 

Relative humidity 





40% 


12 64 

14.09 

13.36 

50 


12.73 

14.17 

13.45 

60 


12 50 

14.53 

13.56 

70 


13.20 

14.67 

13.94 

80 


13.40 

14.93 

14.16 

90 


13.66 

15.50 

14.58 

Standard error of 


0.369 

0.179 

0.289 


single milling 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in italics the effect is significant (exceeding 5% 
point), bracketed values indicate nonsignificance. 

INTERACTION OF TEMPERATURES X HUMIDITIES—ALLIS MILL 


I emperature 


Rc!ati\ e humidity 

70°F 

80° F 

90°F 

Mean 

% 

% 

</o 

% 

% 

40 

12.98 

12.71 

12.24 

12.64 

50 

12.41 

12.92 

12.85 

12.73 

60 

12.69 

12.81 

12.28 

12.59 

70 

13.71 

13.00 

12.90 

13.20 

80 

14.25 

13.56 

12.38 

13.40 

90 

12.90 

14.06 

14.01 

13.66 

Mean 

13.16 

13.18 

12.78 

13.04 

Interaction 

significance exceeds 1% point. 




BUHLER MILL 


Relative humidity 

70°F 

80°F 

Temperature 

90°F 

Mean 

% 

% 

% 

% 

% 

40 

14.38 

14.22 

13.66 

14.09 

50 

14.48 

14.06 

13.99 

14.17 

60 

14.69 

14.31 

14.59 

14.53 

70 

15.02 

14.30 

14.69 

14.67 

80 

15.15 

14.61 

15.02 

14.93 

90 

15.66 

15.40 

15.45 

15.50 

Mean 

14.90 

14.49 

14.57 

14.65 

Interaction significance exceeds 1% point. 
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TABLE VI—( Continued) 

INTERACTION OF TEMPERATURES X HUMIDITIES 


BOTH MILLS 


Temperature 


Relative humidity 

70°F 

80°F 

90°F 

Mean 

% 

% 

% 

% 

% 

40 

13.68 

13.47 

12.95 

13.36 

50 

13.44 

13.49 

13.42 

13.45 

60 

13.69 

13.56 

13.43 

13.56 

70 

14.37 

13.65 

13.79 

13.94 

80 

14.70 

14.09 

13.70 

14.16 

90 

14.28 

14.73 

14.73 

14 58 

Mean 

14.03 

13.83 

13.67 

13.84 


Interaction significance exceeds 1% point. 


It is evident that a more finely granulated flour was produced on the 
Buhler than on the Allis mill; moreover with both mills, Kanred wheat 
gave a more finely ground flour. The magnitude of the difference was 
identical (3.5%) but because of the somewhat greater experimental 
error the significance of this difference was less in the case of the Allis 
mill data. Some difficulty was experienced in maintaining constant 
roll settings with the Allis mill, which may account for the relatively 
greater variability in granulation data for the flours produced by this 
mill. 

When the data for both mills were considered together, increasing 
temperature tended to produce a more coarsely granulated flour; for the 
individual mills similar trends were noted but the differences were not 
sufficiently great to offset the loss in precision caused by the reduction 
in the amount of data available for analysis. The effect of humidity 
on granulation was not consistent for the two mills. In the case of the 
Allis mill, the most finely granulated flour was produced at 70% relative 
humidity with a decrease in the percentage of fines as the humidity was 
varied in either direction from this level. In contrast, in the case of 
the Buhler mill, flour fineness increased progressively with increasing 
humidity. 

Flour moisture: Referring to Table VI, it will be seen that the 
Buhler mill produced flours of much higher average moisture content 
than the Allis; this difference may be accounted for by the relatively 
greater exposure of the stocks to the atmosphere in the case of the Allis 
mill. In no case was there any significant difference in flour moisture 
between varieties. 

Taking the results for the two mills combined, flour moisture de¬ 
creased with increasing millroom temperature, but the effect was not 
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TABLE VII 

Mean Values and Standard Errors for Flour Ash 1 




Mills 


Variable 

Allis 

Bu filer 

Both 

% 

% 

% 

% 

Mills 

0.392 

0.419 

(0.405) 

Varieties 

Tenmarq 

(0.393) 

(0 420) 

(0.406) 

Kanred 

(0 391) 

(0.418) 

(0.405) 

Temperature 

70°F 

0.396 

0.431 

0.414 

80 

0.392 

0.420 

0.406 

90 

0.386 

0.405 

0.396 

Relative hunudit\ 

40% 

0.402 

0.438 

0.420 

50 

0.400 

0.430 

0.415 

60 

0.395 

0.423 

0.409 

70 

0.391 

0.413 

0.402 

80 

0.385 

0.410 

0.398 

90 

0.379 

0.399 

0.389 

Standard ciror of 

0 0014 

0.0047 

0.0045 

single nulling 


‘Where mean values are shown in boldface, the variable in Question has a highly significant 
effect (exceeding i r ' ( point), where values aie shown in xtalus the effect is significant (exceeding 5% 
point), bracketed values indicate nonsignihcanre 


INFRACTION Of lHkfPI RATI Hi S X HUM1D11II S—ALIIS MILL 


I emperature 


Relative humidity 

70°h 

80°F 

Q0°F 

Mean 

‘i 

40 

Vv 

0.412 

1 r 

0.402 

0 392 

% 

0 402 

50 

.405 

.404 

.392 

.400 

60 

.392 

.400 

392 

.395 

70 

.399 

.389 

.384 

.391 

80 

.m 

.384 

.*90 

.385 

90 

.390 

.376 

.370 

.379 

Mean 

.*96 

392 

.386 

.392 

Interaction signifit 

ante exceeds 1% point 





BUIILl R MILL 






T emperature 


Relative humidity 

70°F 

80°F 

90°F 

Mean 

% 

( 0 

% 

Vt 


40 

0 462 

0.433 

0.419 

0 438 

50 

.440 

.433 

.418 

.430 

60 

.438 

.426 

.404 

.423 

70 

.416 

.420 

.402 

.413 

80 

.416 

.416 

.399 

.410 

90 

.416 

.391 

.390 

.399 

Mean 

.431 

.42&? 

.405 

.419 

Interaction significance exceeds 1 % poim. 
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TABLE VII—( Continued) 

INTERACTION OF TEMPERATURES X HUMIDITIES—BOTH MILLS 


Relative humidity 


Temperature 


70°F 

80°F 

90°F 

Mean 

% 

% 

% 

% 

% 

40 

0.437 

0.418 

0.406 

0.420 

50 

.423 

.418 

.405 

.415 

60 

.415 

.413 

.398 

.409 

70 

.408 

.405 

.393 

.402 

80 

.398 

.400 

.394 

.398 

90 

.403 

.383 

.380 

.389 

Mean 

.414 

.406 

.396 

.405 

Interaction significance exceeds 1% point. 




consistent for the individual mills. In the Allis mill, the differences 
due to temperature were not significant. It is believed that this be¬ 
havior may be accounted for by the high experimental error for flour 
moisture with this mill, due to trouble experienced with heating of the 
rolls noted on some samples. In the instance of the Buhler mill, flour 
moisture decreased as the millroom temperature was raised from 70° 
to 80°F and then increased slightly with a further increase in tempera¬ 
ture to 90°F. The difference in temperature response between the two 
mills is also indicated by the significance of the mills X temperatures 
interaction. 

As would be expected, increasing relative humidity is reflected in 
increased flour moisture. The lesser significance of this effect in the 
case of the Allis mill is due to the higher experimental error mentioned 
above. The essential consistency of the humidity response with the 
two mills is indicated by the nonsignificance of the mills X humidities 
interaction. 

Highly significant temperatures X humidities interactions, found 
for each mill, are also shown in Table VI. As would be expected the 
effect of variations in humidity became more pronounced with in¬ 
creasing temperature. 

Flour ash: From the data in Table VII, it will be seen that the 
Buhler mill produced flours of significantly higher average ash content 
than the Allis mill, which is in accord with the higher flour yield ob¬ 
tained with the Buhler mill. The two varieties tested did not differ in * 
the ash content of the flours produced therefrom. 

Flour ash, with each mill, decreased with increasing temperature 
and with increasing relative humidity- The magnitude of these effects 
was greater with the Buhler mill, thus giving rise to significant mills 
X temperatures and mills X h\unidities interactions. With each mill, 
the decrease in flour ash with increasing millroom temperature was 
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greater at the lower than at the higher humidities; this is responsible for 
significant temperatures X humidities interactions. 

Flour protein: Table VIII gives the effects of the several variables 
upon flour protein. Significantly higher protein values were obtained 
'with the Buhler mill, with Kanred wheat, with lower temperatures and 
with lower humidities. All effects were consistent throughout, as indi¬ 
cated by the absence of significant interactions. 

TABLE VIII 

MrAN Valufs and Standard Errors for Flour Protein 1 


Mill 


Variable 

Allis 

Buhler 


Both 

Mills 

7t 

14.60 

% 

14.83 


% 

(14.72) 

Varieties 

Tenmarq 

14.44 

14.64 


14.54 

Kanred 

14.77 

15.01 


14.89 

Temperature 

70°F 

14.66 

14.93 


14.79 

80 

14.64 

14.86 


14.75 

90 

14.51 

14.69 


14.60 

Relative humidity 

40% 

14.70 

14.97 


14.84 

50 

14.70 

14.89 


14.80 

60 

14.56 

14.82 


14.69 

70 

14.57 

14.77 


14.67 

80 

14.53 

14.76 


14.64 

90 

14.56 

14.75 


14.66 

Standard error of 

0.103 

0.135 


0 120 

single milling 


1 Where mean value** are shown in boldface, the variable in question has a highly significant 
effect (exceeding V/ point), where values are shown in ttalics the effect is significant (exceeding 5% 
point), bracketed \ allies indicate nonsignificance 


Maltose value: Considering the maltose values tabulated in Table IX, 
it is apparent that the Buhler mill flours exhibit much higher values 
than comparable Allis mill flours, that Tenmarq wheat gives flour of 
higher activity than Kanred, and that increase in millroom tempera¬ 
ture brings about a lowered diastatic activity. The last-named effect 
is not consistent for both mills, the action of temperature being more 
pronounced in the case of the Buhler mill. 

While variations in millroom humidity have a statistically signifi¬ 
cant effect on maltose value, no consistent trend is apparent with either 
mill. Thus for the Allis mill the highest values were obtained at 50% 
and 60% relative humidity and the lowest at 80% and 90% whereas, 
for the Buhler mill, high values were obtained at 40, 50, and 80% 
relative humidity and the lowest value at 70%. For both mills com¬ 
bined, the lower relatiffc humidities gave slightly higher maltose values 
than those for 70, 80, and 90% relative humidity. Significant inter- 
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TABLE IX 

Mean Values and Standard Errors for Maltose Value 1 




Mill 


Variable 

Allis 

Buhler 

Both 


mgflO g 

WHO g 

mg/10 g 

Mills 

106.7 

132.8 

(119.8) 

Varieties 

Tenmarq 

m.o 

137.4 

124.2 

Kanred 

102.4 

128.3 

115.3 

Temperature 

70°F 

108.8 

140.1 

124.5 

80 

104.4 

135.3 

119.8 

90 

106.9 

123.1 

115.0 

Relative humidity 

40% 

107.5 

136.1 

121.8 

50 

109.7 

135.5 

122.6 

60 

109.4 

131.5 

120.5 

70 

107.7 

126.6 

117.2 

80 

102.2 

137.2 

119.8 

90 

103.6 

130.1 

116.8 

Standard error of 

4.48 

4.35 

4.42 


single milling 


1 Where mean values are shown m boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in italics the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 


INTERACTION OF TEMPERATURES X HUMIDITIES—ALLIS MILL 


Temperature 


Relative humidity 

70°F 

80°F 

Q0°F 

Mean 

% 

mg/10 g 

mgflO g 

mgllO g 

mg/10 g 

40 

108.2 

107.5 

106.8 

107.5 

50 

113.0 

106.2 

110.0 

109.7 

60 

107.0 

106.0 

115.2 

109.4 

70 

109.5 

102.5 

111.2 

107.7 

80 

102.0 

102.2 

102.5 

102.2 

90 

113.2 

101.8 

95.8 

103.6 

Mean 

108.8 

104.4 

106.9 

106.7 

Interaction significance exceeds 1% point. 





BUHLF.R MILL 






Temperature 


Relative humidity 

70°F 

80°F 

90°F 

Mean 

% 

mgllO g 

mgllO g 

mg/10 g 

mgllO g 

40 

141.8 

140.0 

126.5 

136.1 

50 

140.8 

140.8 

125.0 

135.5 

60 

144.2 

129.2 

121.0 

131.5 

70 

131.8 

127.2 

120.8 

126.6 

80 

146.2 

143.8 

121.8 

137.2 

90 

136.0 

130.8 

123.5 

130.1 

Mean 

140.1 

135.3 

123.1 

132.8 

Interaction significance exceeds 1 % point. 
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TABLE IX—( Continued) 

INTERACTION OF TEMPERATURE X HUMIDITIES—BOTH MILLS 


Relative humidity 


Temperature 


70°F 

80°F 

90°F 

Mean 

% 

mgllO g 

mg/10 g 

mg/10 g 

mgltO g 

40 

125.0 

123.8 

116.7 

121.8 

50 

126.9 

123.5 

117.5 

122.6 

60 

125.6 

117.6 

118.1 

120.5 

70 

120.6 

114.9 

116.0 

117.2 

80 

124.1 

123.0 

112.1 

119.8 

90 

124.6 

116.2 

109.6 

116.8 

Mean 

124.5 

119.8 

115.0 

119.8 

Interaction significance exceeds 1% point. 




actions for temperatures X humidities were found for each mill and for 
both mills combined. The nature of the inconsistencies leading to 
these interactions was not the same for both mills, since a significant 
triple interaction (mills X temperatures X humidities) was found. 
Accordingly, it is not possible to generalize on the combined effect of 
temperature and humidity on maltose value. 

Loaf volume: It is of particular interest to note that whereas with 
most flour properties there has been a significant effect of all variables, 
in the case of loaf volume the only factors exerting a significant effect 
are variety and relative humidity, as shown by the data of Table X. 

TABLE X 


Me\n Values and Standard Errors for Loaf Volume 1 




Mil 1 


Variable 

Allis 

Buhler 

Both 


cc 

u 

u 

Mills 

(950) 

(952) 

(951) 

Varieties 

Tenmarq 

986 

982 

984 

Kanrcd 

913 

922 

918 

Temperature 

70°F 

(956) 

(953) 

(955) 

80 

(944) 

(948) 

(946) 

90 

(948) 

(955) 

(952) 

Relative humidity 

40% 

(960) 

961 

960 

50 

(951) 

965 

9S8 

60 

(951) 

958 

954 

70 

(940) 

937 

939 

80 

(949) 

959 

954 

90 

(945) 

932 

939 

Standard error of 

21.5 

23.9 

22.7 

single milling 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point): where values are shown in italics the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 
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Whether this may or may not be due to the baking formula used is not 
known. In all cases the loaf volumes for Tenmarq flours were much 
higher than those for flours milled from Kanred wheat. With the 
Buhler mill and with both mills combined the values for 70% and 90% 
relative humidity were extremely low in comparison with the values 
for other humidity levels. While a similar tendency was noted with 
the Allis mill, the effect of humidity was not significant. The existence 
of a similar trend is supported by the absence of a significant mills 
X humidities interaction. 


Discussion 

These studies clearly demonstrate that variations in millroom con¬ 
ditions influence flour yield and all flour properties investigated. It is 
of interest to note that the effect of these variations gives rise to fewer 
statistically significant differences in the instances of loaf volume than 
in the case of other flour properties or flour yield. This may, however, 
be a reflection of lower precision of the baking test or of the use of a 
commercial-type formula which possibly tends to obscure differences 
in flour characteristics. The variation in humidity employed in these 
experiments brought about greater differences than temperature in all 
flour properties except protein content, in which the effect was the 
same, and maltose value in which temperature had much the greater 
influence. It necessarily follows from these observations that the 
replicability of experimental milling results will be improved by con¬ 
trolling the atmospheric conditions in the millroom. 

The question next arises as to whether an optimum set of millroom 
conditions exists. In defining such optimum conditions one must of 
necessity consider the purpose of conducting the experimental milling 
test. Such tests are carried out either to provide representative 
samples from different lots of wheat for further quality tests (such as 
ash, color, and baking strength) or they may be used to characterize the 
milling behavior of the wheats. 

In considering the first of these purposes it would be desirable to 
select atmospheric conditions which would tend to produce flours as 
nearly as possible identical in properties with those which would be 
obtained by commercial-scale milling. The use of such conditions 
would minimize the need for translation of results. In the absence of 
information regarding the characteristics of flours which could be milled 
commercially from tne wheats used in this investigation, no recom¬ 
mendations can be made as to specific experimental millroom conditions. 
However, it is worthy of note that the choice of any particular temper¬ 
ature and relative humidity will not significantly affect the differentia¬ 
tion between these two wheat samples in regard to the properties of the 
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flours produced therefrom. This is demonstrated by the absence of 
significant interaction of variety with temperature or humidity for any 
of the flour properties studied. 

With reference to the use of the milling test to characterize the 
milling behavior of different wheats it should be noted that there is only 
one significant interaction involving variety and millroom conditions 
for flour yield, namely, that between variety and temperature with the 
Buhler mill. 


Summary 

Two varieties of hard red winter wheat (Tenmarq and Kanred) 
were milled in duplicate on both Allis and Buhler mills at millroom 
temperatures of 70, 80, and 90°F and relative humidities of 40, 50, 60, 
70, 80, and 90%, thus producing 144 flours. Determinations were 
made of flour yield, granulation, moisture, ash, protein, maltose value, 
and loaf volume and the data submitted to statistical analysis. 

Flour yield decreased with increasing temperature and humidity, 
the effect of humidity being greater at the higher temperatures. 
Yields from the Allis mill were lower and affected more by humidity 
variations than those from the Buhler mill. The effect of temperature 
was greater in the instance of Kanred wheat. 

Flour granulation, determined with only a limited number of 
samples, tended to become coarser with increasing temperature. In¬ 
creasing humidity increased flour fineness in the case of the Buhler, 
whereas with the Allis mill the most finely granulated flour was ob¬ 
tained at 70% relative humidity. A more finely granulated flour was 
produced by the Buhler than the Allis mill and by Kanred in contrast to 
Tenmarq wheat. 

Flour moisture increased with decreasing temperature and with 
increasing humidity. The Buhler mill produced higher-moisture flour 
than the Allis. 

Flour ash increased with decreasing temperature and relative 
humidity. The Buhler mill gave higher-ash flour than the Allis. 

Flour protein responded to variations in temperatures, humidities 
and mills in the same manner as flour ash. 

Maltose value increased with decreasing temperature, while the 
effect of humidity was relatively slight and not consistent. Buhler- 
milled flours gave much higher values than Allis-milled flours. 

Loaf volume was significantly affected by relative humidity, the 
lowest values being obtained at 70% and 90%. Temperature and 
mills were without effect. 

Replicability of experimental milling results should be improved by 
control of millroom atmospheric conditions. No indication of the 
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existence of optimum millroom conditions for differentiation between 
wheat samples is shown by these experiments, although the possibility 
is not excluded that further studies may lead to the formulation of 
optimum atmospheric conditions. 
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MICRO TESTS OF ALIMENTARY PASTES. 

I. APPARATUS AND METHOD 1 

R. L. Cunningham and J. Ansel Anderson 

Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 

(Read at the Annual Meeting. May 1942) 

Cereal chemists, in providing a service for plant breeders, have con¬ 
tinuously striven to reduce the amount of grain required for preliminary 
tests of the quality of new varieties. Durum wheat is no exception; 
Fifield, Smith, and Hayes (1937) have described a micro technique for 
assessing macaroni-making quality. The method requires only 30 g 
of semolina and involves the preparation of pressed disks of alimentary 
paste and subsequent study of their color characteristics. 

In this laboratory difficulty was experienced in obtaining re¬ 
producible results by this method, but attempts to devise more satis¬ 
factory techniques of other sorts proved unfruitful. It therefore 
seemed advisable to concentrate on the improvement of the disk 


1 Published as paper No. 199 of the Associate Committee on Grain Research (Canada'). 
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method. Considerable stimulus was given to this work when it was 
observed that the opacity of the disks was closely related to their color 
characteristics and very sensitive to changes in processing conditions. 
A photoelectric method of measuring opacity was therefore developed, 
and with this precise and objective tool rapid progress was made in 
elucidating the factors that affect the reproducibility of the test. A 
comprehensive study of the effect of processing conditions on paste 
properties was then undertaken and will be described in a second paper. 
The present paper is introductory and serves to put on record descrip¬ 
tions of the apparatus and methods now used in the Board of Grain 
Commissioners’ Laboratory for micro tests of alimentary paste. 

Preparation of Disks 

The original apparatus and method used in preparing the disks 
have been described in detail by Fifield, Smith, and Hayes (1937). 
Accordingly, the following description is confined mainly to the modi¬ 
fications used in this laboratory. 

Mixer and mixing: A photograph of the mechanically driven, 
thermostatically controlled mixer is shown in Figure 1. The sheeting 
rolls, described in the next subsection, also appear on the right in this 
photograph. The mixer is similar to that of Fifield, with rotating 
blades on a horizontal metal shaft. The mixer has a maximum ca¬ 
pacity of 50 g of semolina, but as little as 30 g can be used in routine 
studies. Since the temperature and speed of mixing are important, 
improvements were made in the original model by introducing tem¬ 
perature control and a mechanical drive. Temperature is controlled 
at 30°C by surrounding the mixer with a water bath (9.0 X 7.5 X 5.0 
inches) provided with a motor-driven stirrer and a thermoregulator. 
The six brass disks on the top of the bath (Fig. 1) are the lids of re¬ 
movable cylindrical chambers (4 inches deep, 1.5 inches diameter) in 
which samples of semolina are conditioned prior to mixing. An 0.12 
hp reversible electric motor with reduction gears turning 57 rpm was 
available in the laboratory and is used to drive the mixer. A reversing 
switch is also used and can be seen in the photograph. 

With the drive reversed three times during the mixing period, a 
mixing time of between 30 and 100 seconds has been found satisfactory 
for doughs falling within a reasonable working range of consistency 
absorption 28 to 32%). Experiments showed that 40 seconds of 
mixing was roughly equivalent to 4 minutes of mixing in the larger 
mixer described by Binnington and Geddes (1936), and 40 seconds was 
therefore tentatively adopted as a standard mixing time. 

On the basis of such data as are available, the writers believe that 
it is feasible to use a constant absorption of 30%. The alternative 
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method of adjusting the absorption for different semolinas so as to ob¬ 
tain constant consistency increases the amount of semolina required for 
the micro test, since portions must be used for preliminary determina¬ 
tion of the correct absorption. Consistency is not as important in the 
micro test as in making macaroni. In the latter process the pressure 
to which the dough is subjected in forcing it through the die depends on 
the consistency, so that this must be held constant in order to subject all 



l«ig 1 Motoi dtiven tlieiimitated mixer, with sheeting rolls at the right. 
1 he top oi the mixer can be seen below the burette. 


doughs to equal pressures. In the micro test the pressure applied is 
independent of the consistency of the dough. For this reason, and be¬ 
cause the interaction between semolinas and absorption appears to be 
relatively small, it seems feasible to use a constant absorption in the 
micro test. 

Sheeting: No rest period is used in this laboratory as this step is not 
readily controlled and appears to have no compensating advantages. 
Immediately after mixing, the dough is put through a pair of smooth 
sheeting rolls (Fig. 1), 4 inches long by 1 inch in diameter and \ inch 
apart, operated at room temperature (about 24°C). These rolls are 
similar to those described by Fifield et al except that they are motor 
driven at 45 rpm. A uniform rate of sheeting facilitates the preparation 
of disks of uniform thickness. Hand-operated rolls are satisfactory 
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provided they are turned at a uniform speed, but a mechanical drive 
has been found convenient. 

The dough is sheeted, folded end to end and sheeted again in the 
same direction, putting the joined ends through first so that the crease 
is rolled last. After sheeting three times, the folded dough is turned 
through an angle of 90° so that the sides enter the rolls first. This 
turn is made after every third sheeting. In addition, the dough is 
turned over after each sheeting so that alternate sides of the sheet are 
folded in. The process is repeated until the dough has been sheeted 
and folded 15 times. Experiments with various methods of folding 
indicate that the method described above gives the most uniform 
sheets of dough. 

Pressing: Two disks are cut from the sheet of dough with a circular 
cutter inches in diameter. Three celluloid disks of the same size 
are dipped in a benzene solution of Parawax (70 g per liter) and allowed 
to dry for 20 minutes at room temperature. The two paste disks and 
the three celluloid disks are then made into a double-decker sandwich, 
placed in a press bowl (2^ inches internal diameter) and pressed in a 
Carver laboratory press. It should be noted that the press must be 
provided with a low-range gauge, and must be free from leaks so that 
the desired pressure can be maintained with minimum periodic 
pumping. Pressing for 7 minutes at a gauge pressure of 1,000 pounds 
per square inch (about 750 pounds per square inch on the paste disks) 
normally produces disks having an internal structure similar to that of 
tubular macaroni, as judged by visual inspection. After pressing, the 
assembly of disks is removed and the disks separated, particular care 
being taken not to mar the surfaces of the paste. 

The principal difference between this pressing technique and that of 
Fifield et al is that wax-coated celluloid rather than cellophane disks are 
used to encase the paste. While the use of wax represents a radical 
departure from ordinary technique, this modification facilitates the 
preparation of disks having smooth uniform surfaces, and these are ab¬ 
solutely essential for the accurate determination of the absorption 
coefficient described later. 

Drying: The method used is again a slight modification of that of 
Fifield et al. The disk is laid between 4-inch squares of bond paper, 
backed with three layers of blotting paper and this assembly is then 
clamped between 4-inch squares of heavy wire gauze by means of large 
“ Bulldog ” clips. A series of these assemblies can then be conveniently 
strung on a metal rod for drying. After drying for two days in a room 
controlled at 26° =fc 2°C the disks are removed and their quality 
characteristics measured. 
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For the most precise work, and particularly when strictly compa¬ 
rable results are required in experiments made at different times of the 
year, it appears that both temperature and humidity should be con¬ 
trolled during drying. However, experiments have shown that 
considerable changes in temperature and humidity have a relatively 
small effect on the quality of the finished disks. Accordingly, for most 
practical purposes, drying can be carried out under room conditions. 

Measurement of the Optical Coefficient of Absorption, 
or Degree of Opacity 

The idea of developing an objective photometric measurement of 
opacity occurred to one of us (R. L. C.) during early studies of the effect 
of processing methods on the color of disks. It was observed that if 
two disks made from the same semolina differed in opacity, then the 



Fig. 2. General view of photometer. 

more opaque disk appeared less yellow. Since both contained the same 
quantity of pigment it was believed that the more translucent looked 
yellower because the light penetrated more deeply and was thus re¬ 
flected from additional and deeper layers of pigment molecules. 

It thus appeared that the measurement of opacity might prove a 
useful supplement to the commonly used measurement of disk color, by 
matching against Wallace and Tiernan disks (Baker, 1939). This 
latter process is tedious, subjective, lacking in precision, and subject to 
an appreciable personal error. On the other hand, it seemed clear that 
a photometric measurement of the absorption coefficient would be ob¬ 
jective, precise, and reproducible. These expectations have been fully 
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justified since the new method gives exactly the same results in the 
hands of different technicians. 

Photometer: A photograph of the photometer used for measuring the 
absorption coefficients of the disks appears in Figure 2. It consists 
essentially of a light source and a photronic cell, between which there is 
inserted a turn-table holding the paste disks. The light and turn-table 
can be seen on top of the case. The photronic cell, wiring, rheostat, 
switches, and the motor which drives the turn-table are inside the case. 
A voltmeter, mounted on the end of the case, is used to aid in making 
rough adjustments of the light intensity. 



Fig. 3. Optical details of photometer 

As the photometer is of simple design, and as there are no special 
virtues in its dimensions, a short description of the main features will 
serve as an adequate guide to anyone interested in constructing one. 
The essential details are shown in Figure 3. The light source consists 
of a 9-volt flashlight bulb mounted in a suitable ventilated brass housing. 
The interior of the housing has a dull black finish which eliminates re¬ 
flection from the walls. Two lenses are used to produce a parallel beam 
of light, thus minimizing the effect of small changes in the distance be¬ 
tween the light source and the paste disk. Although the lamp operates 
at fixed voltage by means of batteries, it was necessary to introduce a 
fine adjustment for light intensity. This consists of two sheets of 
Polaroid (“J” film), the lower of which is mounted in an adjusting 
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head. It will be apparent that this provides a control of light intensity 
without varying the area of the disk subjected to illumination as would 
be the case with the use of an iris diaphram. A yellow filter (Wratten 
K2) is also included in the assembly. The filter eliminates those wave 
lengths most strongly absorbed by the pigment in the paste and thus 
serves to make the measurement of the opacity relatively independent 
of the pigment concentration in the paste. 

The paste disks are held on an electrically driven turn-table 
mounted on ball bearings and rotating at 200 rpm. As a disk is not 
uniformly opaque and the surface of a photronic cell varies in sensitivity 
from point to point, a turn-table is required in order that the disks may 
be scanned by each sector of the cell. The inequalities of both cell and 
disk are thus integrated and an accurate and reproducible measurement 
of the transmitted light is obtained. 

The voltage generated by the photocell is measured with a po¬ 
tentiometer in the usual manner. 

A disk having permanent opacity characteristics similar to those of 
an average paste disk, was required for standardizing the instrument. 
This was prepared by combining a slightly exposed photographic film 
and two sheets of photographic glass in a brass assembly of the same 
diameter as the paste disks (2^ inches). After calibrating the pho¬ 
tronic cell for various light intensities, the exact percentage trans¬ 
mission of the standard disk was determined and found to be 19.4%. 

In making measurements the standard disk is placed on the turn¬ 
table before each reading and the light intensity is checked (and ad¬ 
justed by means of the Polaroid, if necessary) by noting the voltage 
generated by the photronic cell. After removing the standard, the 
paste disk is placed on the turn-table and the voltage generated by the 
cell is determined. 

Variations of about 5% occur frequently in the thickness of different 
disks and variations of as much as 10% occur occasionally. So far as 
can be determined, these differences in the thickness of different disks 
result from variations in the thickness of the sheeted dough. Stiff 
doughs and rapid sheeting produce thicker disks and in spite of careful 
attention to sheeting technique, some variations in thickness occur be¬ 
tween different parts of the same sheet of dough. As the thickness of 
the disk must be taken into account in calculating the absorption 
coefficient, it is taken as the mean of nine micrometer readings made to 
the nearest 0.001 cm. 

Calculation of absorption coefficient: The absorption coefficient, which 
is a measure of the loss of intensity which results when light passes 
through a unit thickness of paste, is calculated from an equation based 
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on Lambert’s law. This equation is: 

~K = j log, CP t , (1) 

where K is the absorption coefficient, t is the thickness of the disk, C is 
a factor which corrects for loss of light by reflection at the air-solid 
interfaces, and P t is the emerging fraction of the light which enters the 
paste. 

P t is determined by comparing the paste disk with the standard 
disk described above. This is done by determining the relative 
voltages generated in the photocell and making the necessary small 
corrections for variations in cell sensitivity at various intensities of 
illumination. We then have: 



where P, is the fraction of light transmitted by the standard disk and 
V t and V a are the corrected voltages generated by the light after 
passing through the test and standard disks respectively. 

The equation may therefore be rewritten: 

- K = i log, CP. y'. (3) 

As previously noted, the value of P t was determined experimentally 
and was found to be 0.194. V a depends upon the type of photocell 
used, the intensity of the light source, as well as the voltage input of the 
potentiometer. It was arbitrarily chosen as 500 units. The equation 
is thus: 

-X = ilog.C^K,. (4) 

In dealing with a homogeneous solid such as glass the value of the 
factor C, which corrects for reflection losses, can be calculated from the 
index of refraction for glass in accordance with Fresnel’s formula: 

W‘-(H3) r 

where n is the index of refraction of glass and x is the number of air- 
glass interfaces, which will be 2 for a plate of glass. 

In dealing with alimentary paste the calculation of C is complicated 
by two factors. First, the index of refraction of the paste is not 
known and would be difficult to determine experimentally. Secondly, 
in paste disks there is a concentration of microscopic cracks and bubbles 


(S) 
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near each surface over and above the normal distribution of these 
throughout the body of the paste. These surface cracks and bubbles 
create an additional number of air-solid interfaces so that x is greater 
than 2 and this fact would have to be taken into account in calculating C . 

These difficulties were overcome by evaluating C from experimental 
data. Records for 90 disks, processed from the same semolina under 
identical conditions, and varying in thickness from 0.201 to 0.226 cm, 
gave a constant value of K (3.99) when C = 3.03. Using this figure 
the equation becomes: 

- K- j log. 3.03 
or 

- K - J log, .00118 F,. (6) 

The value obtained for C was checked with a series of 120 disks 
made from another semolina with different optical properties, namely, 
a mean absorption coefficient of 2.42. The disks were classified with 

I A- WITHOUT CORRECTION 

B — WITH CORRECTION 



</> 
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Fig. 4. The effects of correcting for reflection losses on the calculated optical absorption coefficient. 

respect to thickness into nine groups, each of which had a range of 0.002 
cm. The mean thickness for each group was then plotted against the 
mean absorption coefficient. Line A in Figure 4 shows the relation 
between the absorption coefficient and disk thickness when only the 
thickness correction is applied, neglecting the factor C. Under 
these circumstances, the absorption coefficient appears to decrease 
with increasing thickness, even though a correction has been applied for 
differences in thickness. This must occur for the following reasons. 
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The loss of light by reflection at the upper surface is obviously the same 
for both thin and thick disks. A constant proportion of the light 
reaching the lower surface is also lost by reflection, but the amount of 
light reaching this surface is greater for thin than for thick disks. In 
consequence the absolute loss of light by reflection is greater for thin 
than for thick disks, and the absorption coefficient, or opacity, of a thin 
disk therefore appears to be higher than that of a thick disk. 

When the reflection correction is applied (assuming that C — 3.03) 
the line B in Figure 4 is obtained. It shows that when the correction is 
made the absorption coefficient is independent of disk thickness as it 
should be with a series of disks made from the same semolina under 
identical conditions. Moreover, since the line is level, it is apparent 
that the value of C, derived from disks made from the first semolina, 
applies equally well to disks made from the second semolina, which has 
quite different properties. Thus, while on theoretical grounds it might 
be assumed that C would have a different value for different semolinas, 
either because of differences in indices of refraction or in number of air- 
solid interfaces, in practice it appears that a constant value for C can 
be used. This hypothesis has been checked with dozens of pairs of 
duplicate disks made from a variety of different semolinas. The use of 
a constant value of C to correct for reflection losses reduces the differ¬ 
ences between the absorption coefficients for duplicate disks differing 
in thickness. 

Accordingly, equation 6 is now being used in this laboratory for the 
calculation of absorption coefficients for all micro disks of alimentary 
paste. The calculation of K can be simplified by drawing a graph of 
log« .00118 Ft for a wide range of voltages. The value obtained from 
this graph for the corrected voltage generated in the cell by the light 
transmitted by the test disks, when divided by the thickness of the 
disk, gives the absorption coefficient K of the material in the body of 
the disk. 


Total Color Scores 

When macaroni samples or micro disks are matched on a color 
comparator against the Wallace and Tiernan disks described by Baker 
(1939), four figures are obtained representing the percentages of black, 
white, yellow, and red used in matching the sample. No ordinary indi¬ 
vidual can create in his mind an image of the color of the disk by looking 
at these four figures, nor is it easy to determine by inspection of the data 
the order in which a series would be placed by visual comparison. Ac¬ 
cordingly, it is frequently useful to summarize the data by combining 
the figures for black, white, yellow, and red into a total color score. 
This arbitrary procedure does not represent a fundamental approach 
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to the problem of assessing color characteristics, but can be defended 
to the extent that it yields figures correlated with visual placing. It 
has proved particularly useful for summarizing color data for plant 
breeders, grain inspectors, and other persons less conversant with the 
qualities of macaroni than the cereal chemists who have specialized on 
this product. 

A formula for calculating a color score for macaroni was published 
by Binnington, Johannson, and Geddes (1939), but this proved to be 
unsatisfactory for the wide range of colors obtained in a study of the 
effects of processing factors on the quality of micro disks (to be de¬ 
scribed in a second paper), since it was found that white disks had a 
better score than translucent yellow ones. It was therefore necessary 
to design a formula which would hold over a wider range of color 
combinations. 

The new formula is based upon the degree to which a disk fails to 
match an arbitrarily selected combination of colors, namely red 5%, 
yellow 40%, white 10%, and black 45%. The score is reduced by the 
square root of the sum of the weighted squares of the departures from 
the standard percentage of any color; thus negative and positive de¬ 
partures from the standard are given equal weight. It should be noted, 
however, that the choice of the percentages is such that the disks will 
normally require more than 5% of red and 10% of white, and less than 
40% of yellow and 45% of black. The relative importance of de¬ 
parture with respect to each color is adjusted by multiplying the square 
of the departure by a constant. For example, it is considered about 
four times more detrimental to be 1% high in red than to be 1% high 
in white. The constant for red is thus 4, whereas that for white is 1. 
The formula tentatively adopted is as follows: 

Color score = 100 - \'4(5-=R) 2 +T(40-^ 2 T (10—W) 2 " + (45—B) 2 . 

This formula gives scores which are in good agreement with visual 
placing. Tests made with 13 samples of macaroni gave a correlation 
of 0.94 between the scores given by the new formula and by that of 
Binnington et aL The correlation between the new color score and the 
absorption coefficient is illustrated in Figure 5. The data represent 
series of disks processed by different methods from a single semolina 
and all are of the same pigment content. A more comprehensive study 
of this relationship will appear in a future paper. 

It should be emphasized that the equation for the color score is de¬ 
veloped in an arbitrary manner by trial and error and comparison of 
the results obtained with visual placing. The formula of Binnington 
etal , which involves a calculation of saturation, hue, and brilliance, and 
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a subsequent combination of these to give a total score, appears to re¬ 
present a more fundamental approach to the problem of assessing color 
data. Actually it is no more fundamental or less arbitrary than the 
new formula. Both are developed by the same method; no theoretical 
support can be offered for the values given to the constants introduced 
into either equation, nor can they be supported by objective quanti- 



Fig. 5. The relationship of the new total color score to the optical absorption coefficient. 

tative data (Binnington et al). They can be checked only against 
visual placing and this depends on subjective judgment. The only 
safeguard which can be used is that of comparing one's judgment with 
that of other experienced persons and this practice is followed peri¬ 
odically in the laboratory. 

Relation Between Absorption Coefficients and Colors 

When absorption coefficients and colors, for a series of disks made 
from the same semolina, were compared by plotting the former against 
percentages of black, white, red, and yellow, the graph shown in 
Figure 6 was obtained. This graph does not appear to support the 
hypothesis, mentioned earlier, that more opaque disks look less yellow 
because one cannot see as far into them. The curves show that the 
percentage of yellow increases instead of decreasing with increasing 
absorption coefficient. Moreover, the percentage of red shows only a 
very slight decrease with increasing opacity. 

Further consideration led to a new method of interpreting results 
obtained with Wallace and Tiernan disks. Black does not reflect light. 
Accordingly, when a paste disk is matched by a certain combination of 
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the black, white, red, and yellow disks, the amount of light reflected by 
the paste is balanced by the amount of light reflected by the white, 
red, and yellow segments only. The adjustment of the black segment 
serves only to reduce or increase the total amount of light reflected, and 



I ig 6 1 he relationship of the optical absorption coefficient to the percentages 

of th< matching segments exposed 



percentage of black actually measures the inability of the paste disk 
to reflect the light. 

It thus appears that a better understanding of the color of the paste 
can be obtained by considering the three colors as percentages of the 
nonblack component. When the data shown in Figure 6 are treated in 
this manner, the graph in Figure 7 is obtained. Both yellow and red 
now decrease with increasing opacity in accordance with the hypothesis 
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outlined above. It should be added that this decrease in yellowness 
with increasing opacity can bo readily observed when the disks are 
compared visually. An average set of experimental data illustrating 
this point are shown in Table I. It will be observed that when the old 
method of recording color percentages is used the white disks are re¬ 
ported as containing a higher percentage of yellow than the yellow 
disk. The discrepancy disappears when the new method of recording 

TABLE I 

Comparison of Old and New Methods of Recording Color Data 


Appearance 
of disk 

Color as percent of 
all components 

Color as percent of nonblack 
components 

Yellow 

Red 

White 

Black 

Yellow 

Red 

White 


% 

% 

% 

% 

% 

% 

% 

Whitish 

31.4 

9.1 

33.1 

26.4 

42.6 

12.4 

45.0 

Pale yellow 

29.9 

10.7 

21.7 

37.7 

48.0 

17.2 

34.8 

Yellow 

28.2 

11.3 

16.8 

43.7 

50.1 

20.0 

29.9 


color as percentages of the nonblack component is used. This fact 
alone provides strong support for the new method of interpreting color 
data. 

The data shown in Figures 6 and 7, and in Table I, were obtained 
from disks processed from single samples of semolina. It therefore re¬ 
mains to be seen whether this additional method of interpreting color 
percentages will prove useful in studying the relative quality charac¬ 
teristics of different semolinas. The method is described in this paper 
merely because it serves to elucidate the relation which exists between 
the opacity and color characteristics of alimentary pastes. 

Summary 

The method of Fifield, Smith, and Hayes (1937) for preparing micro 
disks of alimentary paste has been modified in certain ways so as to 
increase the reproducibility of the test. The chief modifications in¬ 
volve the use of (1) a thermostatically controlled, motor-driven mixer, 
(2) motor-driven sheeting rolls, and (3) wax-coated celluloid instead of 
cellophane for covering the disks during pressing. A photometer is 
described with which a precise and objective measurement of the optical 
absorption coefficient (degree of opacity) of the disks can be made. 
The calculation of the coefficient involves certain difficulties and the 
derivation of the required formula is therefore described in detail. 
Determination of the absorption coefficient provides a new and useful 
method of assessing the quality characteristics of the disks. A formula 
for computing total color scores from data obtained by comparing paste 
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with Wallace and Tiernan disks is recorded and discussed. Study of 
the relation between the absorption coefficient and Wallace and Tiernan 
color data suggests a new method of interpreting the latter which 
appears to lead to a better understanding of the color characteristics of 
the paste. 
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MICRO MILLING AND BAKING OF SMALL 
SAMPLES OF WHEAT 1 

Max E. McCluggage 2 

(Received foi publication September 23, 1942) 


Estimating the baking characteristics of small lots of wheat is im¬ 
portant in the development of new varieties by plant breeders. Con¬ 
sequently, there has been considerable demand for reliable methods of 
testing the smallest possible samples. 

Geddes and Aitken (1935) developed a modified Allis experimental 
mill which was designed to mill a 100-g instead of the usual 2,000-g 
sample. They milled a series of wheats with it and also with the 
regular Allis mill and baked the resulting flours into bread. A 25-g 
dough and scaled-down equipment were used for the micro-milled 
flours, while the usual methods were used for the regularly milled flours. 
They found no evidence that the two milling methods produced flours 
of different baking characteristics. The principal objection to their 
methods appears to be the expense of constructing the mill. 

1 The studies reported herein are a part of the cooperative work earned on between the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agnculture, and the Agricul¬ 
tural Experiment Stations of die Great Plains Region. Published as Contribution No. 85 of the 
Department of Milling Industry. Kansas Agricultural Expenment Station. 

* Formerly Agent. Division of Cereal Crops and Diseases, Bureau ot Plant Industry, 17. S. Depart¬ 
ment ol Agriculture, and Hard Winter Wheat Quality Laboratory, Kansas Agricultural Experiment 
Station, Manhattan, Kansas. 



186 


MICRO MILLING AND BAKING 


Vol. 20 


Van Scoyk (1939) reported that a micro method, using a 25-g dough 
and special equipment, gave results that compared favorably with 
those obtained by the usual methods. 

Harris and Sanderson (1939) made a study similar to that reported 
by Geddes and Aitken and concluded that there were no significant 
differences in protein content, flour yield, and loaf volume that could 
be attributed to the two methods of milling. 

Clark 3 demonstrated that he could obtain a meal, by grinding wheat 
on a laboratory grinder and sifting the ground material through a 
10XX flour cloth, that produced dough-mixer curves resembling those 
obtained from a commercially milled flour. The material passing 
through the cloth was termed “wheat meal” and the curves were re¬ 
ferred to as “wheat meal dough-mixer curves.” 

Swanson and Johnson (1941) developed a technique similar to that 
used by Clark for milling on a Hobart laboratory grinder. They found 
a high correlation between the characteristics of the curves produced 
from the wheat meal thus milled and those from regularly milled flour 
of the same wheat. 

Any technique of micro milling and baking, if it is to be widely 
useful for plant breeders, must make use of inexpensive and easily 
obtainable equipment. A laboratory grinder to mill the wheat and 
the micro-baking techniques previously referred to meet these require¬ 
ments. The purpose of this paper is to report the results of a study in 
which this combination was used. 

Plan of the Work 

The studies reported herein involve two phases of the same problem: 
(1) a preliminary study of the reproducibility of results from day to 
day with micro-baking techniques using two types of pans, and (2) 
a comparison of baking results obtained with the micro-milling and 
micro-baking techniques with those obtained by the regular procedures 
used in this laboratory. 

In the preliminary study eight samples of wheat (chosen to cover a 
wide range of baking characteristics) were milled on three different 
days by the technique described herein. Each of the 24 flours was 
then baked as a single loaf on each of 3 days in a high and in a low pan. 
Forty-eight loaves were baked each day and a total of 144 loaves for 
the study. 

For the comparison of the micro and regular techniques a series of 
25 samples was selected which had widely different baking character¬ 
istics. They were milled and baked by the micro techniques and the 

* Personal communication from Mr. Rowland J. Clark, Director of Research, The Shellabarger Mill 
and Elevator Company, Salma, Kansas, dated August 15, 1939. 
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results were compared with those that had been obtained several 
months earlier by the regular procedure. 

Techniques Used 

Regular milling procedure: The samples were cleaned and scoured in 
the usual way before milling and tempered according to their require¬ 
ments as described by McCluggage (1939). A 4,000-g sample of each 
wheat was milled on a Buhler mill to a straight grade flour as nearly 
comparable as possible with that which presumably would be secured 
under commercial conditions. The mill was set for each individual 
sample. The atmospheric conditions in the mill room were automati¬ 
cally controlled as nearly as possible to 70°F and 50% relative humidity. 



Fig. 1. Flow sheet used in. milling samples on the Hobart laboratory grinder. 


Regular baking procedure: The bakings were made with unbleached 
flour which had been stored at 70°F for three weeks after milling and then 
placed in cold storage at 40°F until baked. The following ingredients 
were used: 200 g flour, water as needed, 12 g sugar, 3 g salt, 4 g yeast, 
6 g shortening, 8 g dry skim-milk solids, 0.5 g malt (120°L), and potas¬ 
sium bromate as needed. 

The doughs were mixed to optimum development for each sample 
with a Swanson-Working mixer, and since the pans would accommo¬ 
date only 100 g of dough, each was divided into equal parts and fer¬ 
mented at 86°F for 105 minutes to the first punch, 50 minutes to the 
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second punch, and 25 minutes to the pan. They were proofed at 
86°F for 55 minutes and baked for 25 minutes at 420°F. The doughs 
were mechanically punched and molded. Duplicate bakes were made 
on separate days or a total of four loaves for each sample were baked. 

Micro milling technique: The micro millings were made with a 
Hobart laboratory grinder, this being substituted for the regular ex¬ 
perimental rolls. A flow similar to that used with the Allis mill was 
employed and is described in Figure 1. The sifting was done on a 
Roto-matic sifter. Swanson and Johnson (1941) used a limited num¬ 
ber of grindings and obtained very low flour yields, but in the present 
study a sufficient number of breaks and reductions were used so that 
normal yields of approximately 70% were obtained. 


TABLE I 

Eitlct oi« Milling and Typi oi Pan on Micro-Loa* Volumi s 






Loai volumes (cc) 



\ dllCty 

Milling 

days 

Baked in high pan 


Baked in low pan 



1st 

2nd 

Srd 

i 

1st 

2nd 

trd 

\n 



day 

day 

day 


da\ 

dav 

day 

Kharkof 

1st 

190 

200 

190 

193 

205 

203 

19S 

201 


2nd 

195 

180 

188 

188 

210 

195 

205 

203 


3rd 

190 

195 

190 

192 

205 

195 

180 

193 

Chcjenne 

1st 

180 

210 

170 

187 

210 

215 

180 

202 

2nd 

180 

195 

193 

189 

196 

207 

205 

203 


3rd 

190 

190 

195 

192 

205 

200 

195 

200 

Pawnee 

1st 

180 

190 

180 

183 

210 

190 

205 

202 


2nd 

190 

193 

175 

186 

195 

187 

195 

192 


3rd 

185 

185 

175 

182 

185 

195 

190 | 

i 

190 

1 enmarq 

1st 

165 

175 

165 

168 

175 

182 

180 

179 

2nd 

150 

158 

165 

158 

180 

165 

175 

173 


3rd 

160 

165 

157 

161 

165 

170 

170 

168 

Khai kof 

1st 

140 

147 

150 

146 

150 

155 

147 

151 


2nd 

150 

160 

157 

156 

150 

160 

147 

152 


3rd 

140 

145 

140 

142 

150 

! 152 

150 

151 

Pawnee 

1st 

145 

145 

135 

142 

150 

150 

145 

148 


2nd 

140 

140 

140 

140 

150 

150 

150 

150 


3rd 

140 

140 

135 

138 

150 

150 

147 

149 

Comanche 

1st 

140 

145 

135 

140 

150 

153 

147 

150 


2nd 

ISO 

142 

145 

146 

150 

145 

145 

147 


3rd 

140 

143 

130 

138 

150 

145 

150 

148 

Nebred 

1st 

210 

212 

210 

211 

218 

235 

235 

229 


2nd 

190 

210 

205 

202 

235 

235 

210 

227 


3rd 

195 

202 

205 

201 

205 

223 

202 

210 
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Each 300-g sample of wheat was tempered to 16% moisture and 
allowed to stand overnight. The grinder was adjusted for each sample 
and for each step of the flow sheet. The final reductions and siftings 
were continued until approximately 70% of the total products were 
obtained as flour. The grinder settings shown on the flow sheet are, 
of course, only approximate. 

In using the laboratory grinder as a mill it was found necessary to 
avoid overloading the grinder to prevent overheating of the samples. 
The grinder was thoroughly cleaned between samples to avoid con¬ 
tamination of one sample by another. 

Micro baking techniques: Twenty-five grams of flour was mixed and 
baked, with the same proportions in the formula as were used for the 
regular baking procedure. The doughs were mixed in a National non¬ 
recording micro mixer, fermented in 250-ml glass beakers covered 
with watch glasses, and were punched and molded by hand. The pans 
were the official A.A.C.C. style, only reduced to one-fourth the usual 
volume. 4 The loaf volumes were measured in a National volume 
meter by inserting a 400-cc dummy with the loaf. 

TABLE II 

Analysis or Varianu of Data Showing Effect of Milling, Baking 
and Typi- of Pan upon Micro-Loaf Volumes 


Cause of variance 

Degree* freedom 

Sum of squares 

Mean squares 

F 

Sample (S) 

7 

90,365 

12,909.4 

251.0* 

Millings (M) 

2 

608 

304.0 

5.9* 

Bakings (B) 

2 

625 

312.5 

6.1* 

Pans (P) 

1 

3,640 

3,640.0 

70.9* 

1st order error 

131 

6,733 

51.4 

1 

S X M 

14 

799 

57.1 

1.2 i 

S X B 

14 

849 

60.6 

1.3t 

S X P 

7 

537 

76.7 

1.6t 

M X B 

4 

223 

55.8 

1.2t 

M X P 

2 

68 

34.0 

0.7f 

B X P 

2 

174 

87.0 

1.9t 

2nd older error 

88 

4,083 j 

46.4 

— 

Total 

143 

101,971 

— 

— 


* Highly significant value, 
t Nonsignificant value. 


Experimental Results 

The results of the preliminary study are presented in Table I. 
Since the baking characteristics other than loaf volumes were not dif¬ 
ferentiated, loaf volume data only are given. Analysis of variance 
was applied to the data and the results are tabulated in Table II. It 

4 Acknowledgment is made of the loan of the pans used in this study by Mr. R. M. Sandstedt. 
Nebraska Agricultural Experiment Station, Lincoln, Nebraska. 
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will be seen that there were significant differences between millings 
on different days and also between bakings made on different days. 
The greatest differences, however, were related to the type of pan. It 
seemed advisable, therefore, to apply analysis of variance separately 
to the data for each type of baking pan. This was done and the result¬ 
ing data are given in Table III. 


TABLE III 

Analysis of Variance of Data Showing Effect of Milling and Baking 
upon Micro-Loaf Volumes when Baked in Two Types of Pans 


Cause of variance 

DF 

Baked in high pan 

Baked in low pan 

Mean square 

F 

Mean square 

F 

Sample (S) 

7 

5,740 

130 . 0 * 

7,302 

140.4* 

Bakings (B) 

2 

252 

5 . 7 * 

121 

2.3t 

Millings (M) 

2 

68 | 

1.5f 

234 

4.5* 

1st order error 

60 

44 


52 


SXB 

14 

44 

1.2f 

63 

1.2t 

S X M 

14 

55 

1.5f 

51 

l.Of 

M X B 

4 

57 

1.5f 

56 

l.lt 

2nd order error 

28 

37 

— 

52 


Total 

71 

— 

— 

— 

— 

Between samples 

7 

5,740 

110.4* 

7,245 

114.1* 

Within samples 

64 

52 

— 

64 


Total 

71 


— 

— 

_ 


* Highly significant value, 
t Nonsignificant value. 


The loaf volumes obtained with the low pans were significantly 
larger than those obtained with the high pans, but the variance was also 
greater, which suggests that both types were equally efficient in dif¬ 
ferentiating between varieties. None of the interactions was signifi¬ 
cant. Hence it would seem that either pan might be used with satis¬ 
factory results. It may be noted, however, that when considered 
separately the low pans indicated significant differences between day- 
to-day millings, whereas the high pans did not, and conversely that 
the high pans indicated significant differences between day-to-day 
bakings, whereas the low pans did not. No logical explanation for 
this differential reaction seems apparent. On the assumption that 
there was a real though unknown reason for the difference, the high 
pans only were used in subsequent work, since it is possible to replicate 
bakings with samples of wheat so small that replicate millings cannot 
be made. 
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Comparison of Micro and Regular Techniques 

Table IV gives the pertinent analytical data for the wheat and flour 
and the baking results necessary for a comparison of the micro and the 
regular techniques. Each loaf volume reported is an average of two 
bakes. 

The ash of the micro-milled flours was much higher than is usually 
expected from flours milled to a 70% yield. The protein content was 


TABLE IV 

Chemical 1 and Baking Data for the Wheats and Flours Milled 
by the Micro and Regular Techniques 


Variety 

' 

; 

Source of 
samples 


Wheat 

Buhler flour 

Micro-milled flour 

: 

Mois¬ 

ture 

Ash 

Pro¬ 

tein 

Mois¬ 

ture 

i | 

Ash 

Pro¬ 

tein 

Loaf 

vol¬ 

ume 

Mois¬ 

ture 

Ash 

Pro¬ 
tein 1 

Loaf 

vol¬ 

ume 



V' 

% 

% 

% 

% 

% 

cc 

! % 

% 

% 

' cc 

Kharkof 

Central 

10 9 

1 70 

16 4 

14 4 

43 

15.6 

1149 

» 13.4 

83 

17.0 

194 

Blarkhull 

Great 

10 9 

1.68 

16 2 

14 3 

.42 

15 6 

1079 

12.8 

.70 

16.5 

198 

Tenmarq 

Plains 

10 9 

1.68 

15 7 

14 2 

.45 

14 8 

1003 

13.8 

.88 

16 0 

188 

Oro 


11 1 

1 75 

16 2 

149 

45 

15.3 

1142 

142 

.83 

16 7 

205 

Cheyenne 


11 0 

1.67 

15.8 

14 7 

.43 

15 0 

1003 

13.5 

81 

16.2 

186 

Pawnee 


11.1 

1 S3 

15 9 

14 5 

.42 

143 

1036 

13.2 

.81 

16.5 

193 

Comanche 


11 2 

1 61 

163 

14 3 

.39 

15 3 

1047 

13.1 

.77 

16 5 

193 

Chiefkan 


107 

1 66 

15.8 

14 0 

.41 

14 8 

823 

13.0 

.82 

16.0 

164 

Kharkof 

Southern 

11 4 

1 64 

13 9 

14 6 

45 

12 6 

859 

13 6 

.83 

13 6 

164 

BlackhuJl 

Great 

11 4 

1 73 

13 6 

14 4 

.39 

12 7 

831 

14 2 

68 

136 

164 

Tenmarq 

Plains 

H 3 

1 57 

14 0 

14 4 

40 

12 3 

878 

12 6 

83 

13 7 

170 

Chiefkan 


ii 5; 

1 64 

13 7 

143 

43 

12 8 

720 

1 12.9 

.85 

13.9 

150 

Kharkof 

Northern 

9 0 

1.46 

130 

13.9 

45 

12 5 

828 

| 12.9 

.80 

13 3 

155 

Nebrcd 

Great 

9 4 i 

1.44 

13 1 

14 1 

42 

12.7 

846 

12 6 

.68 

13.2 

175 


Plains 

: 











Blackhull 

Denton, 

_ 

__ 


_ 

14.5 

.38 

9 8 

692 

12 8 

.94 

10.7 

145 

Tenmarq 

Texas 

— 

- 

— 

149 

47 

9 7 

688 

13.3 

.83 

10.0 

147 

Pawnee 


— ! 

— 

— 

14.9 

.45 

9.8 

680 

13 1 

.82 

10.3 

145 

Comanche 


- 

— 

— 

14.4 j 

.49 | 

10.1 

725 

13 4 

.80 

10.4 

148 

Commercial 



: 










samples 













No. 3 D.H.W 

Kansas City 

8.7 

1.78 

14.8 

15.0 

.44 

13.8 

825 

12.3 

.93 

15 1 

165 

No. 2 D.H.W 

Fort Worth 

8.7 

1.72 

15.3 

14 6 

.45 

145 

973 

12.4 j 

.86 

15.6 

180 

No. 1 D 11 W 

Wichita 

9.4 

1.60 

12.5 

14 7 

.42 

11.6 

780 

12.5 | 

.78 

12.7 

156 

No 1 D.H.W. 

Enid 

9.1 

1.61 

13 9 

14.4 

.41 

13.1 

885 

12.7 ! 

.86 

14.4 

183 

No. 2 H W. 

Chicago 

9 0 

1.69 

100 

15 1 

.37 

9.6 

710 

12.8 

.80 

10 7 

154 

No. 2 H.W. 

1 Minneapolis 

9 5 

1.72 

10.7 

14.9 

.43 

9.4 

686 

13.0 

.66 

9.8 

144 

No. 2 H.W. 

Portland 

9 2 

1 45 

9 5 

14.0 

.41 

8.4 

653 

12 3 

.82 | 

9.5 | 

130 


1 Ash and piotein values are expressed on a 13J r c moisture basis. 


generally higher than that in the Buhler-milled flours and in most 
cases as high as that found in the wheat from which the flour was 
milled, or higher. 

In spite of these differences in chemical composition the loaf vol¬ 
umes from the two flours agreed remarkably well as is shown by the 
correlation coefficients in Table V. All coefficients were so high that 
there can be no doubt as to their significance. The agreement is 
shown graphically in Figure 2 in which the micro loaf volumes are 
plotted against the regular 100-g loaf volumes. 
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TABLE V 

Correlation Coefficients for Chemical and Milling Data of Wheats Milled 
and Baked by the Micro Technique (Hobart Laboratory Grinder) 
and the Regular Laboratory Procedure (Buhler Mill) 


Coefficient Regression 

of correlation coefficient 

Factors correlated r b 


Wheat protein and Hobart flour protein -f.99 1.07 

Wheat protein and Buhler flour loaf volume 4 * *90 — 

Wheat protein and Hobart flour loaf volume 4.89 — 

Hobart flour protein and Hobart flour loaf volume -f.90 — 

Buhler flour loaf volume and Hobart flour loaf volume 4*97 7.24 


All the points in Figure 2 except six fell so close to the regression line 
as to be within the experimental error (25 cc) of the 100-g loaf volumes. 
There is some indication that these six points were the results of random 
errors, since they were not grouped in any particular part of the loaf- 



volume range and half the points were above and half below the 
regression line. 

The regression equation (100-g loaf volume == 7.24 micro-loaf 
volume — 347) is represented by the solid line. This equation was 
used to calculate the expected 100-g loaf volumes. The standard error 
of estimate was found to be 39 cc, as compared to the 25-cc error of 
replication for the 100-g loaf volumes. If a check sample of known 
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characteristics is included in each series of samples of unknown quality, 
their relative merits can be determined by direct comparison and the 
estimated 100-g loaf volume need not be calculated. 

Summary 

The data presented show that a fairly accurate picture of the 
baking characteristics of wheat samples may be obtained by the 
micro-milling and micro-baking techniques described herein. 

The techniques described in this paper are not proposed as short 
cuts. The time required for testing samples by these methods is 
approximately the same as for the regular laboratory procedures. 

One advantage of the micro methods is that only about one pound 
of wheat is required, as compared with the usual five-pound sample. 
Another advantage is that the regular laboratory wheat grinder is 
used for the milling, thus eliminating the necessity of owning a micro 
experimental mill, which is expensive. It should be possible to de¬ 
velop small-size fermentation cabinets and baking ovens so that the 
entire equipment for milling and baking would require very small 
space. 

This method is of importance to any plant breeder who has a few 
samples to test each year and desires baking information in the early 
stages of development of new varieties of wheat. This technique offers 
each plant breeder an opportunity to make baking determinations 
without investing large amounts of space, equipment, and material. 
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YEAST VARIABILITY IN WHEAT VARIETY TEST BAKING 1 

K. F. Finney and M. A. Barmore 2 

(Read at the Annual Meeting, May 1942) 

From the time the Hard Winter Wheat Quality Laboratory first 
began to use the rich, highly bromated formula giving large loaf 
volumes it was noted that occasionally the volumes for a bake of 
various samples would be from 0 to 200 cc below those for the same 
samples baked on another day. The amount of volume decrease 
seemed to depend, for the most part, upon the protein quality and con¬ 
tent of the varieties being tested. Such results were at first thought 
to be due to lack of proper temperature control or to hand manipulation 
of the dough. After the installation of accurately controlled refrigera¬ 
tion and heating units as well as mechanical dough-handling equipment, 
however, such discrepancies continued to occur. It was later noted 
that when such irregular baking results occurred, each replicate had 
been baked with a different lot of yeast. Since then all yeast supplies 
have been tested for baking uniformity, using the same flour. By dis¬ 
carding all lots of yeast that tested below normal, the variability be¬ 
tween replicate bakes on different days has been materially reduced. 
This paper is a report of the variations encountered and the effects of 
such in variety test baking. 

The commercial baker deals with flours which average lower in 
protein and show less variation in protein quantity and quality than 
those encountered in the experimental baking of varieties. In the 
latter type of work one may encounter flours with a range of 10% 
in protein, and varying in quality from those that are very strong to 
those too weak for normal and satisfactory commercial use. 

Varieties differing in protein quality and in physical and chemical 
properties respond differently to various baking ingredients. This 
variation in response becomes greater as the volume level rises, the 
volume level being a function of quality and quantity of protein. It is 
therefore natural to expect that as the volume level becomes greater 
there will be larger differences between duplicate bakes when using 
yeasts of varying strength. Yeast variations which would pass un¬ 
noticed by the commercial baker may then become of significant 
importance in studies dealing with wheat variety flours, especially in 
the higher volume levels. 

1 The studies reported herein are a part of the cooperative work carried on between the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. D. A., and the Agricultural Experiment 
Stations of the Great Plains Region. Published as contribution No 82 of the Department of Milling 
Industry, Kansas Agricultural Experiment Station, 

1 Associate Chemist and Chemist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. D. A., Hard Winter Wheat Quality Laboratory, Kansas Agricultural Experiment Station, 
Manhattan, Kans. 
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Experimental bakers have pointed out variations in yeast activity. 
Studies such as those of Harrel (1926), Cook and Malloch (1930), 
Weaver, Talbot, and Coleman (1933), Bailey, Bartram, and Rowe 
(1940), and Iwanowski and Brezezinski (1934, cited by Bailey et al)> 
clearly demonstrate that the activity of yeast, like other biological 
materials, is affected by its environment and that it is particularly 
influenced by extremes of temperature. 

Cook and Malloch (1930), in addition, found that the gas produc¬ 
tion of different samples of the same brand of yeast varied considerably. 
The studies of Weaver et al (1933) also included two brands of yeast; 
as a result of their work they recommended that more uniformity 
between different brands was advisable for experimental test baking. 

Testing of yeast was carried out with the usual straight-dough 
method and what was considered an approximately optimum baking 
formula containing the following ingredients per loaf: 100 g flour, water 
as needed, 6 g sugar, 1.5 g salt, 3 g shortening, 2 g yeast, 4 g milk solids, 
0.25 g 120°L malt syrup, and 3 mg KBrO s . In these studies the various 
lots of yeast were stored at a temperature of 35°F during the intervals 
between baking tests. 

The A. A. C. C. baking test procedure was used in conjunction with 
optimum mixing time. The advantages of the rich, highly bromated 
formula have been pointed out by the authors (1939, 1941). The 
procedure has been to test two lots of yeast at a time, i.e ., one was being 
tested for the first time while the other, under test for the second time, 
had reacted normally in previous tests and was therefore being used in 
the regular baking. Three replicates of each lot were baked on the 
same day using a uniform lot of flour containing 13.5% protein. The 
supply of flour was kept at 35° to 40°F. This method of testing ypstsfy 
although requiring additional work, can be carried out Finterrupted as 
with the routine baking schedule which is in no way^lved. 
might be the case if tests of a different nature were invi t of flour but 

The loaf volumes secured from the same uniform lo The variation 
with different lots of yeast ranged fiom 855 to 980 cc. 'esting lack of 
was greatest in the summer and early fall months, sugjas a probable 
uniformity in storage conditions after manufacture during a period 
cause. About 20 of the different lots of yeast secured 963 cc with all 
of nearly four months produced loaves averaging from this value, 
averages for each lot varying no more than db20 ccjed “normal” and 
Only those yeasts testing 960 dt 20 cc were consider* 
therefore used in regular baking work. f yeast designated 

Figure 1 shows the time in days before the lot ololumes of the uni- 
as A showed deterioration as measured by the loaf vate extremely good 
form lot of flour referred to above. The results indie/ 
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stability and keeping qualities for at least 18 days. By the twenty- 
seventh day, however, this yeast showed definite deterioration, giving 
results similar to those shipments which tested below normal upon 
arrival at the laboratory. 
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Fig 1 Time in days before yeast A showed deterioration. 

Figure 2 shows the variation in loaf volumes produced by different 
lots of yeast (designated as A, B, C, D, and E) used in concentrations of 
2.0, 2.5, 2.75, 3.0, and 3.5%. The variation from the subnormal of 855 
cc to the normal of 963 cc, at a concentration of 2%, indicates the 




variation in yeas^ strength encountered when using this concentration 
in the formula. Yeast A is from the same lot that produced the data 
shown in Figure ^ a ft er it had been kept for 27 days. Lots B, C, 
and D were fresh shipments of yeasts representing various degrees of 
subnormality. T, w0 ^ 0 f yeas t £ produced loaves that averaged 
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963 cc which is the average of the 20 lots mentioned above. Yeast E 
is therefore considered normal. 

The curves of Figure 2 indicate that the yeasts which were lacking 
in ability to develop normal loaf volumes at 2% concentration, can be 
corrected for by increasing their concentration in the formula. It 
should also be noted that increasing the concentration of the normal 
yeast E above 2%% resulted in a reduction of loaf volume. Such 
results are, for the most part, a function of the formula used. The 
conclusions from investigations in progress in this laboratory are that 
the action of yeast and bromate, as well as fermentation time, are com¬ 
plementary to a large extent in the securing of optimum baking results. 

That subnormal yeast can be corrected for by increasing the con¬ 
centration in the formula is further substantiated and probably better 
illustrated by the results shown in Figure 3 obtained with (part B) 
and without (part A) increasing the concentration of subnormal yeast. 
Part A of Figure 3 shows the results obtained when 10 different lots of 
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Fig 3. Shows that b> increasing the concentration of a «mb-normal yeast, 
normal load \olumes can be obtained 


flour representing a large range in loaf volume were baked with 2.0% 
of a normal yeast E and with 2,0% of a subnormal yeast X, testing 
902 cc (about 60 cc low). The solid line locates where the points 
should fall when plotting the loaf volumes obtained with two normal 
lots of yeast. The allowable deviations from the solid line due to 
experimental error are defined by the broken lines. Actually, however, 
the regression coefficient for these points is 0.85 instead of 1.0, and the 
volumes are penalized from 30 cc at the lower volume level to 70 cc at 
the higher level as a result of using the subnormal yeast X. These 
data show that significant loaf-volume discrepancies between replicates 
resulted from using equal concentrations of yeasts of unequal strength. 
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The data including the regression coefficient of 0.85 also show that the 
inferiority of poor yeast is magnified in the higher volume levels. 

The same ten samples of flour represented in part A of Figure 3, 
plus 20 additional ones, were baked with 2J^% of a similar subnormal 
yeast C testing 908 cc (about 50 cc low) and with 2.0% of the normal 
yeast E testing 960 cc. Although yeasts X and C were not identical, 
each represented about the same degree of subnormality. The solid 
line in part B of Figure 3 indicates where the points should fall if 2 J^% 
of the subnormal yeast C produces loaf volumes identical to those 
obtained with 2.0% of the normal yeast E. The allowable deviations 
from the solid line due to experimental error are defined by the broken 
lines. The regression for these points is 0.998. These data show that 
completely normal loaf volumes were obtained, regardless of volume 
level, by increasing the concentration of the subnormal yeast C. 

A third study was made to determine the effect of using subnormal 
yeast in the evaluation of varieties, especially at different protein levels. 
For this purpose the following samples were used: the varieties Ten- 
marq, Comanche, and Chiefkan, grown at several experiment stations 
in the Great Plains in 1939, and six station composites each of which 
was composed of equal parts of Turkey, Blackhull, Tenmarq, Nebred, 
and Chiefkan grown in Kansas. The formula used was the same rich, 
highly bromated formula used in yeast testing except that 4 mg of 
KBr0 3 was used for the composite protein series and 5 mg for the 
Tenmarq, Comanche, and Chiefkan series. Standard A. A. C. C. 
baking test procedures were used in conjunction with an optimum 
mixing time. Each sample was baked with a normal and a subnormal 
yeast. The subnormal yeast used produced an average loaf volume of 
898 cc (65 cc low) with the uniform standard flour described earlier in 
this paper. 

The results are shown in Figure 4, with loaf volumes along the 
ordinate and protein content on the abscissa. It is at once apparent 
that markedly different results were secured in most cases with the two 
lots of yeast. In general, the difference between the normal and sub¬ 
normal yeasts increases with the protein content of the flour, undoubt¬ 
edly because the loaf volume level increases markedly with protein 
content. The smaller volume differences for Chiefkan at any protein 
content would be expected because of its lower volume level. 

Thes~ results suggest that 2% of the normal yeast resulted in more 
development of the protein than the same concentration of subnormal 
yeast and was more nearly optimum. Also, it is quite generally recog¬ 
nized that as the protein content increases within a variety, the fer¬ 
mentation and/or oxidation requirement increases, thus accounting for 
the greater loaf volume decreases in the high-protein or high-volume 
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Fig. 4. Effect of >east variability on loaf volume for flours repiesentmg vanou^ piotem levels using 
the rich, highly bromated formula 


levels when using subnormal yeast. These results obtained with low- 
strength yeasts are similar to those frequently obtained with experi- 
mentally milled flours baked with formulas deficient in KBrO s . The 
volumes obtained at the low protein levels indicate that the average 
variations in yeast would probably pass unnoticed by the commeicial 
baker, since he generally works with flours containing 12% to 13% 
protein. 

Serious error followed by erroneous conclusions can result from 
the occasional use of a subnormal yeast. For example, varieties grown 
in one environment and baked with a subnormal yeast would prob¬ 
ably appear definitely inferior to the same varieties from another 
location when baked with normal yeast. Similar inconsistencies would 
be expected for varieties baked with a subnormal yeast one year and 
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with a normal yeast the next. Undoubtedly yeast variability has been 
an important factor contributing to inconsistent results in the past. 
The amount of error introduced by using nonuniform yeast supplies 
will depend, for the most part, upon the degree of variability existing 
in the yeast used as well as upon the flour and its protein content. 

Summary 

Experiments reported herein show that considerable variability in 
experimental baking resulted with non uniform yeast. A uniform 
sample of flour stored at 35°F produced, over a period of about four 
months, loaf volumes varying from 855 to 980 cc depending on the lot 
of yeast used. 

Flours representing a wide range in protein content for each of 
several hard red winter wheat varieties were baked with normal and 
subnormal yeast in a rich, highly bromated, milk-containing formula. 

Loaf volume discrepancies resulting from the use of subnormal 
yeasts were greatest for the higher protein levels and for varieties that 
normally produce high loaf volume. The degree of variability existing 
in the yeast used was also an important factor influencing the volume 
discrepancies. The data show that distinctly misleading results may 
be secured through failure to consider variation in yeast. 

Normal, fresh yeast was found to retain its baking properties unim¬ 
paired for at least 18 days when stored at 35°F, but by the twenty- 
seventh day showed definite deterioration. 

The results show that adjustments can be made for subnormal 
yeasts by increasing their concentration in the formula in proportion 
to the degree of subnormality. Thus a uniform and apparently opti¬ 
mum amount of dough development was obtained. The procedure 
adopted in this laboratory is to test each lot of yeast by making repli¬ 
cate bakes with a uniform lot of flour kept for the purpose and discard¬ 
ing all lots of yeast that fail to meet predetermined standards. 
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THE USE OF OXIDIZING AGENTS IN THE REMOVAL OF 
INTERFERING COMPOUNDS IN THE DETER¬ 
MINATION OF NICOTINIC ACID 

Elmer B. Brown, James M. Thomas, and Albert F. Bina 

Anheuser-Busch, Inc., Laboratories, St. Louis, Missouri 
(Received for publication September 23, 1942) 

The determination of nicotinic acid in cereal products is made 
difficult by the presence of interfering compounds encountered in the 
preparation of extracts of these products. Because of these com¬ 
pounds, conflicting results are reported for the nicotinic acid content 
of cereal products. Results from dog bioassay, chemical, and micro¬ 
biological methods show no agreement as to the content of nicotinic 
acid in cereal products. 

By the application of different chemical procedures for the deter¬ 
mination of nicotinic acid in cereal products, Brown, Thomas, and 
Bina (1942) have shown that interfering substances are present in the 
extracts of cereal products. Accordingly, the chemical procedures 
must be designed to eliminate this interference in the determination 
of nicotinic acid, or otherwise abnormally high values will result. Two 
procedures were shown to be effective in eliminating these compounds: 
(1) extraction by ethyl acetate of the color complex that is formed 
in the Konig reaction between nicotinic acid, />-aminoacetophenone, 
and cyanogen bromide, and (2) the destruction by oxidation of the 
interfering substances with hydrogen peroxide. The oxidized extracts 
gave the same value, whether determined on the aqueous phase with 
aniline or on the ethyl acetate phase w f ith £-aminoacetophenone. 

Harris and Ra>mond (1939) were the first to show that ethyl 
acetate could be used to extract the color complex when p- amino- 
acetophenone was used as the aromatic amine in the Konig reaction. 
These authors, however, failed to apply this modification in their 
published work but they, as well as Kodicek (1940), recognized that 
cereal products contain chromogens that interfere with the determi¬ 
nation of nicotinic acid. Arnold, Schreffler, and Lipsius (1941) used 
this modification in their published procedure for the determination of 
nicotinic acid. Bina, Thomas, and Brown (1941) recognized the value 
of this solvent in completely extracting the color complex of nicotinic 
acid and />-aminoacetophenone and in separating the complex from 
interfering chromogens. 

As a result, they adopted it as a part of their procedure. The 
fact that only a portion of the total color developed in cereal extracts 
is extractable with ethyl acetate, while all of it is extracted from yeast 
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or pure nicotinic acid with this solvent, was convincing proof to these 
authors that compounds with chemical properties different from nico¬ 
tinic acid were present and responsible for a part of the color measured 
as nicotinic acid by other procedures. 

One of the characteristic chemical properties of pyridine compounds 
is their marked stability towards energetic chemical reagents. Only 
the side chains are attacked by oxidizing agents, with the formation 
of the corresponding acids. If a precursor exists, nicotinic acid will 
be produced, not destroyed, by oxidation, and whatever nicotinic acid 
is present will remain. In studying the nature of the interfering com¬ 
pounds encountered in the determination of nicotinic acid in cereal 
products, Brown, Thomas and Bina (1942), proceeding on this basis, 
and taking advantage of the well-known stability of nicotinic acid 
towards oxidizing reagents, used hydrogen peroxide to decolorize and 
remove the readily oxidizable compounds contained in the extracts of 
cereal products. These authors showed that ethyl acetate and hydro¬ 
gen peroxide served the same purpose, but in different ways, in the 
determination of nicotinic acid in cereal products. Both procedures 
gave the same result for nicotinic acid, and both showed that the 
chemical properties of nicotinic acid were different from the chemical 
properties of the interfering chromogens from which it was separated. 

In this paper we present the results of analyses made on cereal 
extracts before and after treatment with oxidizing reagents. The 
assays were carried out on aliquots of the same samples by both chemi¬ 
cal and microbiological methods. 1 The chemical methods used were 
the procedures of Bina, Thomas, and Brown (1941) and a procedure 
where aniline is used instead of />-aminoacetophenone. The micro¬ 
biological method was that of Snell and Wright (1941). The results 
obtained by the microbiological method show the presence of inter¬ 
fering substances that affect the values for nicotinic acid in a manner 
corresponding to similar effects in the chemical methods. Also some 
of these extracts before or after treatment with hydrogen peroxide 
gave results by the microbiological method that were of the same 
magnitude as those published by Thomas, Bina, and Brown (1942) in 
which ethyl acetate was employed to extract selectively the nicotinic 
acid color complex, formed with cyanogen bromide and />-aminoaceto- 
phenone, from other chromogens. Other extracts behave differently. 
Of the vaiious aromatic amines which have been employed in the 
K5nig reaction, />-aminoacetophenone is the only one yielding a color 
complex selectively extractable with ethyl acetate. 

1 The determinations by the microbiological procedure were made by Dr. John Relim and Mr. 
M. L. McCormack ot the Bacteriological and Pure Culture Laboratories of Anheuser-Busch. Inc 
The authors wish to acknowledge their valuable assistance. 
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Experimental 

Whole wheat flour: Material for these experiments was the whole 
wheat flour sample sent out for collaborative assay by Dr. John 
Andrews. Samples for analyses were prepared as follows: 20 g of the 
finely ground whole wheat flour was mixed with 100 ml of water and 
the mixture autoclaved for 30 minutes at IS pounds pressure. The 
mixture was cooled to 50°~60°C, treated with 0.5 g of takadiastase for 
30 minutes, and again autoclaved. The extract was separated from 
the insoluble material and the residue washed twice with water. The 
combined extracts and washings were hydrolyzed with hydrochloric 
acid in accordance with the regular procedure of Bina, Thomas, and 
Brown (1941). The neutralized extract was made up to a volume of 
250 ml. Aliquots of this solution were used for analyses before and 
after oxidation treatment. These extracts contain considerable chro¬ 
mogen other than nicotinic acid. 

The oxidation treatment was as follows: 10-cc portions of the 
original extract were acidified by the addition of 1 ml of concentrated 
hydrochloric acid and 5 ml of Superoxol (30% hydrogen peroxide 
solution) and heated in a water bath at 60°-70°C as long as oxygen 
was given off. The water-bath temperature was gradually brought 
to the boiling point. The solution was cooled to 60°-70°C, 5 ml more 
of Superoxol was added, and the treatment continued until the solution 
was evaporated. A strongly colored residue was obtained. This was 
dissolved in 20 ml of distilled water and neutralized. The solution 

TABLE I 

Comparative Treatments with Whole Wheat Flour 



Original 

Peroxide 

HtO; and 
Lloyd's 
reagent 

Method 

extract 

treatment 

treatment 


mIh 


wig 

Bina, Thomas, and Brown 

25.87 

25.98 

26.13 

Snell and Wright 

43.80 

24.75 

23.75 

Aniline method 

46.80 

27.53 

31 39 


was again decolorized by treatment with 5 ml of hydrogen peroxide 
and evaporated to dryness on the steam bath. A colorless residue of 
salts was obtained giving a water-clear solution when dissolved in dis¬ 
tilled water. This treatment usually removes all traces of hydrogen 
peroxide which affect the color determination by the chemical methods. 
Apparently traces of peroxides have no effect on the microbiological 
results. The solution at this stage may also be treated by Lloyd’s 
reagent according to Dann and Handler (1941). The assay results 
on these solutions are shown in Table I. 
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These results show that the microbiological (Snell and Wright) 
method for the determination of nicotinic acid is not specific for this 
vitamin, and the data obtained on cereal products with this method 
do not correctly indicate a measure of the nicotinic acid content of 
whole wheat flour. 

The original extract gave 38 /xg/g when tested by Harris and Ray¬ 
mond’s method (1939) using />-aminoacetophenone. The difference 
between this value and 25.87 /xg/g in the Bina, Thomas, and Brown 
procedure is due to the ethyl acetate extraction. 

A second scries of experiments was made in which another extract 
of the same whole wheat flour was prepared as above and aliquots 
were used for analyses where the oxidation was made as follows: 
a 25-ml portion of the original extract was made alkaline by the addi¬ 
tion of 1 ml of a 15% sodium hydroxide solution. Ten ml of Superoxol 
was added and the reaction allowed to proceed at room temperature. 
The reaction begins immediately upon the addition of the hydrogen 
peroxide and proceeds with a rise in temperature of the solution and 
the evolution of considerable gas. After approximately 15, minutes 
the vigorous reaction ceases and the solution is placed on a hot plate 
and boiled for several minutes. The solution was neutralized and 
analyses made as shown in Table II. 

TABLE II 

Results of Analyses for Nicotinic Acid in Whole Wheat Flour 


Method 

Original extract 

Oxidized extract 


Mg In 

Mglg 

Snell and Wright 

40 

48 

Aniline method 

51 

35 


These results are interesting in that the treatment increased the 
values for nicotinic acid by the microbiological procedure by 20% and 
reduced the values by the aniline method by 31.4%. The two methods 
did not measure the same material, because the stimulant responsible 
for the increase in the microbiological result is not a chromogen in the 
Konig reaction 

Wheat germ: A sample of commercial wheat germ was prepared for 
analysis by the same procedure as described for whole wheat flour. 
In addition to the peroxide oxidation, portions of the extract were also 
oxidized vith potassium permanganate. The results obtained are 
shown in Table III. 

The values obtained for nicotinic acid by the microbiological 
method (Snell and Wright) check very closely on the original and 
oxidized extracts for this wheat germ. These results, however, were 
appreciably lower than the values obtained by the chemical methods. 
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TABLE III 

Nicotinic Acid Analyses of Wheat Germ with Comparative Treatments 


Original Hydrogen Potassium 

Method extract peroxide permanganate 

Mg/g Hgfg Pg/g 

Bina, Thomas, and Brown 56.0 53 — 

Snell and Wright 35.6 38 — 

Aniline method 84.5 49 56.2 


This is true of the oxidized extracts where the interfering chromogens 
have been removed. The* fact that approximately the same values 
were obtained on the original and oxidized extracts by the micro¬ 
biological method, show that oxidation does not destroy any nicotinic 
acid present in the extract. 

Wheat bran: Wheat bran free of screenings was used for these 
experiments. This material was exceptionally clean and was as free 
of germ and endosperm as commercial milling permits. Samples were 
prepared for analysis as previously described. The results are shown 
in Table IV. 


TABLE IV 


Nicotinic \cid in Wiifat Bran 


Method Original extract Oxidized extrac t 


Hgfg M(g 

Bina, 1 homas and Brim n 140 138 

Snell and Wright 157 147 

\mime method 256 137 


'Hu- chemical methods showed a wide diflerence in results on the 
original extract of wheat bran, but give the same values on the oxidized 
extract. The microbiological values were slightly lowered by the oxi¬ 
dation treatment, but the difference was so slight as to be within the 
range of exjK'rimental error of the method as applied to material of 
this potency. The diflerence in values by the chemical and micro¬ 
biological methods on the oxidized extracts was also slight. The 
values are of the same order of magnitude and are in the 5% range. 

Milk powder: A sample of commercial skim-milk powder, when 
subjected to the same treatment as previously described, gave the 
values before and after oxidation that are shown in Table V. 

TABLE V 

Nicotinic Acid Analyses of Milk Powder 


Method Original extract Oxidixed extract 


Mllg **{g 

14 12.5 

10.5 10 5 

20 3 14.5 


Bina, Thomas, and Brown 
Snell and Wright 
Aniline method 
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The values for milk powder showed dose agreement by the/nicro- 
biological and the Bina, Thomas, and Brown method on the original 
and oxidized extracts but not where aniline was used. The results 
by the chemical methods were similar to the values obtained in our 
previous publication but unfortunately they were erroneously reported 
as milligrams per pound. 

Removal of Peroxides from Oxidized Extracts 

It is essential that excess peroxides be removed from the oxidized 
extract prior to color development, in the chemical procedures. We 
find that even traces of peroxides render the color complex unstable 
for accurate reading. The aromatic amines used in the chemical pro¬ 
cedures are attacked by excess amounts of the oxidizing agents to the 
degree in which they are present. 

We have used two procedures for the satisfactory removal of the 
excess peroxides. After treatment of the extracts with hydrogen 
peroxide in acid solution as previously described, the extract should 
be evaporated to dryness on the steam bath, the residue redissolved 
in distilled water, neutralized, and again treated with hydrogen perox¬ 
ide to complete the oxidation. When this solution is evaporated to 
dryness and the acids neutralized, the solution is usually suitable for 
colorimetric development. The degree of oxidation appears to be 
affected by the amount of oxidizable material the sample contains. 

A second procedure involves the use of sodium bisulfite as the 
reducing agent to destroy the excess peroxides. The peroxide-treated 
extract, after removal of most of the hydrogen peroxide by boiling, 
is titrated with a 20% solution of sodium bisulfite, using starch iodine 
outside indicator. This procedure produces sulfates which are precipi¬ 
tated by barium chloride and removed in the centrifuge. 

The use of Lloyd's reagent, as described by Dann and Handler 
(1941), is also applicable for this purpose. We find, however, that 
losses may occur in this procedure due to the various precipitates and 
manipulations involved. This is especially noticeable in the micro¬ 
biological procedure where consistent results were not always obtained 
when this modification was employed. The presence of small amounts 
of peroxides does not affect the microbiological determination and their 
removal is not required when this procedure is used. 

Influence of the Hydrogen Peroxide Treatment on Nicotinic Acid 

Two hundred micrograms of nicotinic acid was treated according 
to our regular procedure with hydrogen peroxide in alkaline solution 
by boiling for 15 minutes and subsequent removal of excess peroxide. 
Determinations made on this oxidized solution gave recoveries of 
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99.25% and 107%, respectively, when determined by the chemical- 
procedures. There was no difference in the recoveries of added nico¬ 
tinic acid between the oxidized and unoxidized samples by the micro¬ 
biological method. This range was from 80% to 120%. 

Discussion and Summary of Results 

The use of oxidizing agents to remove interfering compounds en¬ 
countered in the determination of nicotinic acid shows that the 
microbiological method of Snell and Wright (1941) is not specific for 
nicotinic acid and that substances other than nicotinic acid influence 
the production of acid used as the measure of the test. The data 
obtained on the same extracts before and after treatment with hydro¬ 
gen peroxide show that original extracts of whole wheat contain two 
types of compounds which are measured as nicotinic acid. The two 
types of compounds differentiate themselves chemically in the fact that 
one is readily oxidized and loses its properties as a chromogen, while 
the second type is stable to the same oxidizing reagents and continues 
to be reactive in the oxidized extract. 

It is of interest to note that this readily oxidized chromogen is 
shown to differ chemically from nicotinic acid by the difference in 
solubilities in ethyl acetate. This difference in solubility permits the 
separation of this chromogen from the chromogen produced by* nico¬ 
tinic acid in the Konig reaction in which £-aminoacetophenone is used 
as the aromatic amine. The fact that the same values were obtained 
on the original and oxidized extracts where ethyl acetate was used 
shows the efficiency of this solvent in the separation of nicotinic acid 
from this type of interference. 

The agreements and disagreements between the values by the 
microbiological and chemical methods on the materials we have dis¬ 
cussed are not uniform but depend on the type of material investigated. 
No doubt a large part of this is due to the variability in the treatment 
and methods used. The oxidation treatment with hydrogen peroxide 
is subject to variation in the removal of chromogens from the extracts 
as time and temperature are important factors in the oxidation. The 
microbiological and chemical methods are subject to wide variations 
in results. Results by the microbiological method have been shown 
by other investigators to vary considerably according to the method 
of preparing the extract. This fact was amply verified by the values 
reported by five different laboratories on the same collaborative yeast 
sample by the microbiological method in which values were obtained 
ranging from 130 to 393 Mg per gram. We avoided this difficulty in 
the experiments reported in this paper by supplying the same extracts 
for microbiological analysis as we used for chemical analysis. 
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The agreement between the results by the microbiological and 
chemical methods, on the oxidized extract of whole wheat in acid 
solution, is not as significant to us as the disagreement in the results 
obtained with alkaline oxidation. It is evident that oxidation treat¬ 
ment in the acid solution was more complete than in the alkaline 
solution as shown by the chromogen content in the oxidized extracts. 
The fact that the alkaline treatment produced a stimulant which 
increased the microbiological values not due to a chromogen in the 
Konig reaction, is of more significance. 

The chromogens removed from the wheat germ extracts by hydro¬ 
gen peroxide, which affected the aniline procedure in determination, 
did not affect the microbiological values. The fact that approximately 
the same values were obtained on the original and oxidized extracts 
of wheat germ substantiates our conclusion that nicotinic acid is not 
destroyed by oxidizing agents. The difference in values obtained for 
nicotinic acid by the chemical methods and the microbiological pro¬ 
cedure on this wheat germ extract is too great to be ascribed to experi¬ 
mental error and represents a fundamental difference in the methods. 
Repeated experiments were made by each of the methods and con¬ 
sistent values of the same order were obtained. The value of 35 /ug 
per gram, which was obtained by the microbiological method, agrees 
very closely with the average of 34 ^g per gram reported by Elvehjem 
and co-workers (1942) for wheat germ by this method. Our experi¬ 
ments naturally were not made on the same wheat germ they used. 
The 56 and 53 /zg per gram obtained by us on the original and oxidized 
extracts agree very closely but at a higher range than the micro¬ 
biological values. The oxidized extract by the aniline method also 
was in this range. 

It is apparent that the chemical and microbiological methods do 
not specifically measure the same* material in wheat germ extracts. 
The results by dog bioassay, as well as the chemical properties of 
nicotinic acid, support the higher values obtained by the chemical 
methods for wheat germ extracts. 

Teply, Strong, and Elvehjem (1942) report higher values for nico¬ 
tinic acid on whole wheat than on wheat germ. In our experiments 
this is not confirmed by either the chemical or microbiological method 
when the determinations are made on the oxidized extracts. The 
values they obtain for whole wheat, more than twofold greater than 
our values, would appear to be due in part to material not possessing 
the chemical properties of nicotinic acid. Our microbiological value 
for wheat germ, which agrees closely with their result by that method, 
is only 66% of the value we obtained by the chemical procedure for 
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the same wheat germ. The low values given by the microbiological 
methods for wheat germ are not explainable by the chemical properties 
of nicotinic acid, since this method accounts for only a portion of the 
non-oxidizable chromogen contained in the extract. It would appear, 
therefore, that the microbiological method is subject to inhibiting as 
well as accelerating interferences. 

The question of acid, alkali, and aqueous extractions and the pro¬ 
duction of hypothetical precursors of nicotinic acid which are then 
converted into nicotinic acid by the alkali or acid methods was encoun¬ 
tered in this work. Oxidation shows that the end product producing 
the interference is not a chromogen and does not possess this property 
of nicotinic acid. It would appear that material responsible for this 
growth stimulant in the microbiological method is not the same as the 
interfering chromogens encountered in the chemical methods. 

The separation of the nicotinic acid color complex with ethyl 
acetate as a supplement to the />-aminoacetophenone reaction is shown 
to be applicable and efficient as a method for the elimination of inter¬ 
fering chromogens characteristic of cereal products. The extraction 
readings of the nicotinic acid color complex in the ethyl acetate solvent 
are only approximately one-third the value of the same concentration 
when read in the aqueous phase. The only difference is that the 
amount of sample used is larger when ethyl acetate is employed than 
would be required if it were possible to make the readings on the 
aqueous phase. 

No satisfactory blank has been developed for the use of aniline 
in the determination of nicotinic acid in cereal products where inter¬ 
fering substances are encountered. In the determinations in which 
this amine was used, we employed blank values in which the amine was 
added to the sample. We find this blank eliminates color produced 
by compounds other than nicotinic acid which are known to be present. 
The color that is eliminated by this type of blank varies with the 
material used and is not produced by nicotinic acid as a result of the 
Konig reaction. A comparison in values obtained for nicotinic acid 
when the aniline blank is used, as we employ it, with a reagent and 
material blank as employed by other investigators, is shown on a whole 
wheat extract. With aniline in the sample, we get a blank value of 
0.055 and an apparent nicotinic acid content of 56.7 ng per gram. 
This same solution gave 59.6 pg per gram when the reagent and mate¬ 
rial blank value were used. Aliquots of this extract were oxidized and 
similar analyses were made on the oxidized extracts. The blank value 
on the oxidized extract containing aniline had been reduced to 0.008, 
giving a nicotinic acid content of 25.1 jtig per gram, a value in good 
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agreement with the results obtained by the other methods on this 
material. This same extract showed 12.7 /xg per gram when the mate¬ 
rial and reagent blank value was employed, indicating that cyanogen 
bromide is not a part of the blank value. 

The production of chromogens and growth stimulants by alkaline 
hydrolysis in the estimation of nicotinic acid gives values that are com¬ 
patible neither with the chemical properties of nicotinic acid, nor with 
the results obtained by animal experimentation, nor with experience 
encountered when this material is used in the diets of pellagrins. 
Andrews, Boyd, and Gortner (1942) show values for nicotinic acid 
varying more than two-fold on whole wheat extracts where the only 
difference in treatment is the presence of 0.25% NaOH for five minutes 
at room temperature when using the microbiological method, but could 
get no increase when wheat germ was so treated. Wheat germ shows 
to a much better advantage as a part of the diet in the treatment of 
pellagra than whole wheat, yet these authors, as well as Teply, Strong, 
and Elvehjem (1942), get approximately twice the value for nicotinic 
acid in whole wheat as they do in wheat germ when tested by the 
microbiological method. Schaefer, McKibbin, and Elvehjem (1942) 
could get no grow r th response from 500 g of w'hole wheat, assaying 
5.5 mg per 100 g by the microbiological method, when fed to a dog, 
and were forced to add nicotinic acid before they could obtain growth. 
Their result shows that the amount of nicotinic acid contained in 
whole wheat is too small to be in the range of accurate dog bioassay. 
The supplemental value those authors obtained after administering 
nicotinic acid was undoubtedly due in part to the supplemental value 
of other vitamins in the whole wheat when fed in so large amounts as 
they used. This is true of bioassay values with other vitamins, where 
mixtures of yeast and wheat germ give higher values for thiamin and 
riboflavin than when bioassayed separately under similar conditions. 

The value of whole wheat as a source of nicotinic acid and whole 
wheat bread as a vital factor in the prevention of pellagra has been 
greatly overestimated. This overestimation has come about as a 
result of chromogens encountered in the chemical procedures and 
non-nicotinic acid growth stimulant measured in the microbiological 
method. 

The data fail to confirm the presence of any hypothetical precursor 
of nicotinic acid as proposed by the proponents of the microbiological 
and of some of the chemical methods in order to explain their high 
values for nicotinic acid in cereal products, but corroborate the low 
results obtained by Kodicek (1940) on dog bioassay, and the chemical 
values obtained by Thomas, Bina, and Brown (1942). 
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THE PREDICTION OF LOAF VOLUME OF HARD RED SPRING 
WHEAT FLOURS FROM SOME PROPERTIES OF 
MIXOGRAMS 1 

R. II. Harris, L. D. Sibbitt, and Orville Banasik 

North Dakota \gricultural Experiment Station, Fargo, North Dakota 
(Received lor publuation \ugu.st 4, 1942) 


The estimation of dough properties from micro-recording-mixer 
curves has received marked attention in relation to the prediction of 
baking strength. Such curves made from hard red winter wheat flours 
have been discussed by Swanson and his associates. Swanson (1939, 
1941), Swanson and Andrews (1942), and Johnson, Swanson, and 
Bayfield (1942) have critically examined these curves and their 
properties in relation to varietal quality evaluation of Kansas wheats. 

Larmour, Working, and Ofelt (1939) showed that recording-dough- 
mixer curves differed in character at various protein levels and that 
curve height increased with protein content. Sandstedt and Ofelt 

1 Published with the approval of the Directoi of the Experiment Station. 
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(1940) studied the baking properties of flours diluted to a common 
protein content with wheat starch; and inferred therefrom that the 
mixing behavior of flours should likewise be compared at an uniform 
protein level. These workers (Ofelt and Sandstedt, 1941) later carried 
out an investigation employing a National micro recording mixer. 
Predetermined absorptions were used in mixing and the protein con¬ 
tent was reduced in decrements of 1.0%. The curves obtained were 
very similar to those yielded by flours with the same naturally occur¬ 
ring protein content and showed a like tendency to decrease in height 



NOflOHOUflCN VUTA TMATCMCII 

hig 1 Mixer times from three hard red spring wheat flours made at the original flour protein content, 
at a constant flour protein level and following 3 hours of fermentation 

and flatten out with lower protein content. Mixing time was found to 
be a varietal rather than a flour-protein-content characteristic. 

Harris, Sibbitt, and Banasik (1942) published the results of a pre¬ 
liminary study made with the object of predicting the loaf volumes of 
North Dakota spring wheat flours from mixer-curve properties. The 
curves were obtained from flour doughs which had been previously 
mixed and fermented in the usual manner for 3 hours. The flours were 
diluted to an uniform protein content of 12.0% (13.5% moisture basis) 
with hard red spring wheat starch. Replicates of the doughs were 
baked on the same day the mixer tests were run. Following fermenta¬ 
tion one aliquot of the original dough was placed in the mixer bowl and 
a 5-minute mixing curve obtained, while the remaining portion was 
panned and baked. Figure 1 shows curves obtained from three wheat 
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flours at the original protein content, at an uniform protein level of 
12.0%, and after 3 hours of doifgh fermentation. Very significant 
changes in curve properties are evident in going from the flour-water 
curves at the original flour protein content through the curves made 
at an uniform protein level to the fermented dough results. The 
greatest change in the curve characteristics are shown in the mixings 
made with the fermented doughs. Reducing the protein content to 
a constant level lowered the height of the curves and decreased the 
band width. Fermentation, on the other hand, markedly increased 
band width and tended to obscure varietal differences. It was found 
that after 5 minutes of mixing, these fermented doughs broke down 
badly and showed no probability of further mixing yielding information 
in regard to wheat quality. 

It was felt that the records made with fermented doughs might 
more truly represent the physical changes taking place in the dough and 
be more indicative of loaf volume than curves obtained from flour- 
water doughs without fermentation. Thirteen hard red spring wheat 
flours were accordingly diluted with wheat starch to a constant protein 
level of 12.0% and mixed in the Hobart, equipped with special dough 
hooks, to a dough of normal consistency and treated as described. The 
malt-phosphate-bromate baking formula was used with 50 g of flour. 

The following curve properties appeared to be related to the loaf 
volume of the flours investigated: (1) the magnitude of dough develop¬ 
ment angle, (2) the magnitude of the angle of decline of the curve 
toward the vertical, (3) time to reach peak dough development, and (4) 
height of the curve from the base line. From these factors an equation 
was formulated for the prediction of loaf volume. 

The diagrams used in calculating a single-figure score for two flours 
of radically different baking strengths are shown in Figure 2. To con¬ 
struct the diagram a line AD is drawn through the center of the initial 
width of the band parallel to the horizontal axis. A line BD is then 
drawn tangent to the declining portion of the curve, cutting the base 
line AD at D . The center of the peak of the curve is next found by 
drawing the line BC through the midpoint of the distance representing 
the stability of the dough, or line of mixing tolerance. From point B % 
where BD and BC intersect, a line AB is drawn tangent to the rising 
portion of the curve, meeting the base line at A . 

The different measurements made were taken in millimeters. The 
magnitude of a (dough-development angle) can be expressed by the 
cosine AC/AB . As a decreases, the cosine increases. Similarly, the 
magnitude of 0 (or angle of decline of the curve) can be expressed as 
the sine CD/BD . The linear value AC is related to loaf volume, and, 
accordingly, the functions of the two angles must be multiplied by AC. 
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Fig. 2 Diagrams used for computing calculated loaf volumes from mixer curves of fermented 
doughs made from flours of different baking strength. Above: Actual loaf volume. 95 cc, calculated 
volume, 98 Below: Actual loaf volume, 150 cc; calculated volume, 148 

Loaf volume » K(cos a X sin 0)A B X height 

- KiAClAB X CDfBD)AB X height 
K « 4.24 

The height of the curve measured from the base line is also included 
in the formula. Differences in the magnitude of the angles a and 0, 
as well as in the linear values, can be readily distinguished between the 
diagrams for the two flours. The constant K was evaluated from 
curves made with flours of known loaf volume and was found to have 
a value of 4.24 in the present instance. New constants would, no 
doubt, have to be determined in work with other types of wheat, as 
well as with wheat from other crop years. The computed single¬ 
figure score was found to be highly con elated with loaf volume, a 
coefficient of +.943 being obtained between the two variables. Similar 
relationships were also found in the case of studies mad^ with starch- 
gluten blends at a constant protein level. In view of these results the 
following investigation was undertaken to obtain further information 
regarding the relationships between the curve properties and loaf 
volume at an uniform protein level. 
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Experimental 

Thirty hard red spring straight-grade flours experimentally milled 
from the 1941 North Dakota crop were used for this study. These 
wheats consisted of seven different varieties grown at four stations and 
an additional variety grown at one station only. One commercially 
milled spring wheat flour was also included. The wheat protein varied 
from 13.6% to 16.4% and the flour protein from 11.9% to 15.7%, 
while flour ash ranged from 0.34% to 0.52%. The loaf volumes of 
the undiluted flours ranged from 105 cc to 200 cc with an average 
volume of 155 cc. To obviate the effects of protein content differences 
upon the mixogram characteristics and to confine the investigations to 
a study of quality variability, the flours were diluted with hard red 

TABLL I 

Comparative Mixogram Data from Hard Red Spring Wheat Flour 
Doughs Fermented for 3 Hours with Calculated and Actual 
Loaf Volumes. Flour Protein Level 12.0% 

(Data arranged in order of increasing loaf volume) 


I^ib. 

No 


( osinc 

a 

Sine 

8 

Length 

AC 


Loaf volume 

Variety 

Height 

Calcu¬ 

lated 

Actual 

47 

Thatcher 

0 74 

0.91 

mm 

3 2 

mm 

8.1 

98 

cc 

95 

74 

Rival 

0 80 

0 95 

3.3 

7.2 

96 

95 

48 

Rival 

0.69 

0.89 

3.3 

8.7 

108 

105 

250 

Rival 

0.72 

0.93 

3.4 

8.3 

111 

107 

57 

Nordhougen 

0.70 

0.93 

3.3 

85 

111 

110 

03 

NN 2829 

0 84 

0.94 

3.8 

7.6 

115 

110 

69 

NN 2822 

0.84 

0.89 

3.6 

8.2 

111 

112 

70 

NN 2829 

0.75 

0.94 

3.3 

8.1 

106 

112 

54 

Vesta 

0.68 

0.92 

3.4 

8.7 

115 

115 

256 

Vesta 

0.76 

0.89 

3.7 

8.3 

116 

115 

265 

NN 2829 

0.84 

0.94 

3.8 

7.4 

112 

117 

81 

Vesta 

0.76 

0.91 

3.8 

8.3 

122 

120 

259 

Nordhougen 

0.74 

0.90 

3.9 

8.7 

130 

124 

59 

Regent 

0.69 

0.92 

3.4 

9.3 

123 

125 

264 

NN 2822 

0.84 

0.94 

3.7 

8.1 

120 

126 

235 

Thatcher 

0.94 

0.92 

4.6 

7.4 

133 

135 

92 i 

NN 2822 

0.81 

0.92 

4.2 

8.4 

138 

137 

240 

Vesta 

0.78 

0.90 

4.3 

8.7 

143 

137 

61 

Haynes 

0.79 

0.88 

3.7 

9.2 

127 

140 

249 

Thatcher 

0.86 

0.95 

4.3 

7.9 

140 

140 

261 

Regent 

0.80 

0.93 

4.3 

8.4 

142 

140 

280 

Commercial flour 

0.84 

0.83 

4.6 

8.4 

136 

140 

247 

NN 2829 

0.91 

0.94 

5.0 

7.4 

147 

142 

236 

Rival 

0.84 

0.95 

4.6 

8.0 

148 

145 

246 

NN 2822 

0.94 

0.95 

4.7 

7.6 

144 

146 

73 

Thatcher 

0.81 

0.90 

4.3 

9.0 

149 

148 

84 

Nordhougen 

0.83 

0.94 

4.3 

8.6 

147 

148 

244 

Regent 

0.78 

0.89 

5.6 

8.5 

141 

150 

242 

Nordhougen 

0.81 

0.93 

4.2 

8.3 

138 

158 

86 

Regent 

; 0.73 

0.91 

I 43 

9.4 

156 

160 
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spring wheat starch to an uniform level of 12.0% (13.5% moisture 
basis). This starch was prepared by the method described by Harris 
and Sibbitt (1941) and contained 0.5% protein. 

The doughs were mixed in the Hobart as described, 50 g of flour 
being used with the malt-phosphate-bromate formula, and absorption 
as required for optimum consistency. The amount of water needed 
varied somewhat among the various samples despite the fact that they 
were on the same protein level. The doughs after mixing were divided 
into two equal portions by weight and fermented 3 hours with the 
customary punches. At panning time one dough was panned and 
baked, while the other was placed in the mixograph and a 5-minute 
mixogram obtained. 2 

From the mixograms the various data were derived by the method 
described. These values are shown in Table I. Although the flours 
contained the same quantity of protein, large variations in loaf volume 
were obtained. One sample of Thatcher produced the smallest loaf 
with three Rival samples next. This variety has shown much promise 
in baking quality, but was rather disappointing in baking performance 
in 1941. Regent, a Canadian wheat, and Nordhougen gave very satis¬ 
factory results by this method of baking. Differences are evident 
among all the data shown in the table, although little consistent change 
in the values with increase in actual loaf volume is to be noted, except 
for the length oi AC and the calculated loaf volume. The correlation 
coefficients between these values and the loaf volume are presented in 
Table II. 

It will be noted that the agreement between the computed and 
actual loaf volumes is very good indeed, with a correlation coefficient of 
+.951 between the two sets of values. The corresponding means and 
standard deviations were 127.4, 128.5, 16.5, and 17.9 cc, respectively. 
It is quite evident that loaf volume may be predicted from the calcu¬ 
lated values with an accuracy entirely satisfactory for practical pur¬ 
poses, the prediction equation being loaf volume = 1.0 X calculated 
value — 3.3. One factor, the length of the line AC , which enters into 
the calculation of the single-figure value, is likewise rather highly cor¬ 
related with loaf volume. This coefficient is, however, significantly 
lower than the relationship between single figure score and loaf volume 
and has a correspondingly greater error of estimate. This error for 
the former method of prediction by the single figure score is S.6, whereas 
by using the line A C it is 10.7. The other variables do not show a suf- 

* Mixograph and mixogram refer respectively to the National recording-micro-mixer and the curve 
produced thereby. This nomenclature was suggested by Dr. E. G. Bayfield and will be used in the 
following discussion. 
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ficiently high relationship to serve as factors for predicting loaf volume, 
although they are significantly correlated with it. 

Scatter diagrams, with regression of loaf volume on the values ob¬ 
tained from the mixogram data, are shown as Figures 3 and 4. Figure 
3 presents the relationship between calculated and actual loaf volume, 
while Figure 4 shows the relationship between the length of line AC 

TABLE II 

Correlation Coefficients Calculated from the Mixogram and Baking Data 
(Significant coefficients in bold type) 


Variables correlated 


Loaf volume calc,, 3 hrs 

Length A C, 3 hrs, mm 

Cosine angle a, 3 hrs 

Sine angle 0, 3 hrs 

Height, 3 hrs, mm 

Loaf volume calc., 2 hrs 

Cosine angle a, 2 hrs 

Sine angle 0, 2 hrs 

Length A C, 2 hrs, mm 

Height; 2 hrs, mm 

Loaf volume calc , $ his 

Length AC, 3 hrs, mm 

Length AC, $ hrs, mm 

Loaf volume actual, 3 hrs, ce 

Loaf volume calc., flour-water dough* 

Loaf volume calc., flour-water dough* 

1 Value of r, v at S'J point =* 0 16 2. 


y rxy 1 


Loaf volume actual, 3 hrs, cc +.951 

Loaf volume actual, 3 hrs, cc +.803 

Loaf volume actual, 3 hrs, cc +.413 

Loaf volume actual, 3 hrs, cc — .060 

Loaf volume actual, 3 hrs, cc +.280 

Loaf volume actual, 2 hrs, cc +.340 

Loaf volume actual, 2 hrs, cc —.155 

Loaf volume actual, 2 hrs, cc —.644 

Loaf volume actual, 2 hrs, cc +.304 

Loaf volume actual, 2 hrs, cc + -350 

Loaf volume actual, 2 hrs, cc +.483 

Loaf volume actual, 2 hrs, cc +.264 

Length /1C, 2 hrs, mm +.185 

Loaf volume actual, 2 hrs, cc + .448 

Loaf volume actual, 1 hrs, cc +.047 

Loaf volume actual, 3 hrs, cc + .246 


in millimeters and actual loaf volume. The higher degree of interde¬ 
pendence between the variables in Figure 3 is clearly evident, with 
corresponding!) greater accuracy in the prediction of loaf volume. 

In view of the satisfactor\ results yielded by the 3 hour fermenta¬ 
tion procedure, it was thought advisable to determine the effect of 
shortening the fermentation period of the doughs previous to remixing 
in the mixograph. If satisfactory results could be obtained in a shorter 
time, the value of the method would be materially increased. Periods 
of 2, 1, anti 0 hours were accordingly used on this series of flours, the 
same baking formula being employed throughout. In addition, one 
complete run was made with a flour-water dough as customarily em¬ 
ployed for mixograms. Measurements as before were taken from each 
set of curves thus obtained. 

The individual results from these shorter and no fermentation times 
are not shown, but the correlation coefficients obtained for the 2 hour 
period are presented in Table II. Correlations between calculated and 
actual loaf volumes for the flour-water doughs are also given. The 
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only variable in this group which appeared to be correlated to any 
appreciable degree with loaf volume was the sine of the angle 0 in the 
two-hour series. This is a negative relationship, but is not high enough 
to be of any practical importance for the purpose of predicting loaf 
volume. No significant relationships between mixogram properties or 
calculated score and actual loaf volume were secured from the 1- and 
0-hour fermentations. Apparently the 3 hours of fermentation had an 
effect upon the mixograms which brought out the relationships among 
the various factors required for computing a satisfactory single-value 
score. Mean loaf volumes were higher in the 2-hour fermentation 
studies, being 154 cc for the calculated values and 158 cc for the actual 
bakings. The length of AC was also greater, averaging 4.6 as com¬ 
pared with 4.0 in the 3-hour doughs. Standard deviations for loaf 
volume were 14.3 and 14.9, respectively. 

Table III presents the relationships found in mixogram data ob¬ 
tained from flours with protein contents not adjusted to a common level 

TABLE III 

CORRLLATION CoriHCIENTS OBTAINED BETWEEN THE DIFFERENT 

Variables, ai Original Flour Protein Contents 
(Significant coefficients in hold type) 


Variables correlated 


X 

y 

r*v x 

Length AC, mm 

Loaf volume actual, cc 

-.446 

Height, nun 

Loaf volume actual, cc 

4-.324 

Calculated loaf \olume 

Loaf \olume actual, cc 

-.345 

Flour protein, % 

Loaf volume actual, cc 

4- .815 

Length AC, mm 

Flour protein, % 

-.334 

Height, mm 

Flour protein, % 

4-.360 

Sine angle 0 

Flour protein, % 

-.140 

Cosine angle a 

Flour protein, % 

-.289 

* Value of txv at 5* \ point =* 0 362 


by dilution with starch. Curve properties were correlated with loaf- 
volume and flour-protein content. Flour protein content was rather 
closely related to loaf volume, while AC had a smaller but still signifi¬ 
cant correlation with the latter variable. The coefficient between 
curve height and flour protein barely significant, while the other curve 
characteristics were not. 

Table IV shows the comparative effects of the different treatments 
upon mixogram properties. In the flour-water mixes the higher pro¬ 
tein content affected only height of the curve, while the other values 
shown remained practically unchanged. The effect of adding the bak¬ 
ing ingredients was to lengthen AC and increase the calculated score. 
Fermentation decreased AC, and possibly the height; no consistent 
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TABLE IV 

Average Values of Various Mixogram Properties Obtained from the 
Different Series of Doughs 


Fermentation 
(in hours) 

Flour-water doughs 

M alt-phosphate-bromate-formula doughs 

<F 

. .. 

0 

0 

l 

2 

3 

Length A C, mm 

4.2 

4.7 

7.7 

3.0 

4.6 

4.0 

Height of curve, mm 

9.3 

8.2 

9.1 

9.1 

8.5 

8.3 

Cosine a 

0.79 

0.77 

0.82 

0.67 

0.84 

0.79 

Sine 0 

0.91 

0.91 

0.89 

0.92 

0.91 

0.92 

Calc, loaf volume 

151 

146 

260 

107 

154 

127 


1 Measurements made at original flour protein content; all others at 12.0% protein level (13.5% 
moisture basis). 


changes in the other values were found. As AC appeared to be the 
most important in relation to loaf volume of any of the mixogram values 
studied, in addition to being more sensitive to dough-treatment changes, 
it was decided to examine the effect of wheat variety upon this variable. 
Table V presents the results obtained. 

The long dough development period of Vesta, as registered by the 
length AC, is clearly evident, especially with the baking formula and 
no fermentation. Rival is next, with No. 2822 having the shortest 

TABLE V 

Comparative Lengths of AC Obtained from the Different 
Wheat Varieties Studied 


Fermentation (m hours) 

Flour-water 
doughs 

Malt-phosphate-bromate 
formula doughs 

Average 

0» 

0 

0 

l 

2 

3 


mm 

mm 

mm 

mm 

mm 

mm 

mm 

NN 2822 

3.5 

3.1 

4.9 

2.6 

4.4 

4.0 

3.8 

Nordhougen 

4.1 

4.6 

6.3 

2.1 

4.7 

3.9 

4.3 

NN 2829 

4.1 

3.5 

6.8 

2.1 

4.7 

4.0 

4.2 

Regent 

3.7 

4.5 

6.6 

2.7 

4.4 

4.4 

4.4 

Vesta 

5.5 

7.3 

12.3 

4.8 

4.6 

3.8 

6.4 

Thatcher 

4.3 

4.7 

6.9 

3.6 

4.8 

4.1 

4.7 

Rival 

- 

4.4 

5.1 

9.3 

2.9 

4.8 

3.6 

5.0 


1 Measurements made at original flour protein content; all others at 12% protein level (13.5% 
moisture basis). 


period. It seems to the authors that this particular flour property 
should be measured by the use of a baking formula rather than a flour- 
water dough, inasmuch as this treatment corresponds to the way in 
which the flour will actually be used. There was some evidence of an 
effect of location of growth upon AC. 

Comparative mixograms obtained by progressively reducing fer- 
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mentation time from 3 to 0 hours are shown in Figure 5 for seven hard 
red spring wheat varieties. Curves made from flour-water doughs 
are also included. Mixograms made from doughs containing the bak¬ 
ing ingredients were more informative than flour-water dough curves. 
Band width was definitely increased by these ingredients and varietal 
characteristics were brought out more clearly. It would therefore seem 



FCMCMTtO 

DOWNS 

VMOUftS 


NNtm NOftOHOUOCN NMtltt KCOCNT 


VEST A THATCHES 


Fig 5 Mixograms of 7 flours milled irom diffeient wheat varieties made from flour-water dough* and 
from veastcd doughs fermented for variou* lengths of time 


preferable to use the malt-phosphate-bromate or some other compa¬ 
rable formula rather than distilled water alone in making mixograms. 
Dough fermentation, as previously pointed out, decreased dough de¬ 
velopment time and tended to obscure varietal differences. Sample 
2822, which has a short mixing time, was least affected by fermentation. 
The long dough-development time required by Vesta and Rival is 
clearly evident, especially with the nonfermented malt-phosphate- 
bromate doughs. The comparatively short development time of sam- 
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pie No. 2822 is also apparent. Characteristic changes induced by the 
lengthening of fermentation period may be discerned. 

The weakest point of the method described for calculating loaf 
volumes from the mixogram data lies in determining the midpoint of 
certain of the lines involved. For instance, it is sometimes difficult to 
determine the exact center of the rising curve at the point of initial 
width. Another debatable point is the precise length of the line repre¬ 
senting dough stability. 

The data presented in this paper, while showing the utility of mixo¬ 
gram properties in predicting flour loaf volume under a specified baking 
formula at a stated protein level, should not be interpreted as leading 
to the conclusion that the baking test may be largely superseded by 
these curves made from fermented doughs. The present work, how¬ 
ever, does suggest, in the authors’ opinion, the replacement of a 
portion of the actual bakings with hard red spring wheat varieties by 
mixograms, with consequently less time and labor involved in the 
measurement of baking strength. Further investigations are in prog¬ 
ress regarding the effect of different baking formulas upon mixogram 
properties. 

Summary and Conclusions 

Data computed from certain properties of mixograms made from 30 
samples of eight varieties of hard red spring wheats were correlated 
with the loaf volumes obtained following 2- and 3-hour fermentations. 
Similar data yielded by flour-water doughs were also examined. The 
curve properties considered were as follows: 

1. Cosine of the angle of dough development, or angle which the ascending por¬ 
tion of the curve makes with the horizontal. 

2. Sine of the angle ot decline of the curve, or angle which the descending portion 
of the curve makes with the vertical draw r n through the curve peak. 

3. Length in millimeters of the horizontal line between the point where it is cut 
by the tangent to the ascending curve and the vertical line dropped from the mid¬ 
point of the distance representing dough stability. 

4. Height in millimeters of the peak of the curve from the base line. 

These factors were combined in an equation to yield a value indi¬ 
cative of the loaf volume of the flour under examination. 

A very high relationship was found between the calculated and 
actual loaf volume when the mixograms were made from doughs con¬ 
taining the usual baking formula and mixed and fermented 3 hours in 
the same mmner as for baking bread. This correlation was large 
enough to render possible the prediction of actual loaf volume by the 
equation. The length of line between the tangent to the rising curve 
and the vertical through the midpoint of dough stability was related 
to a lesser degree with loaf volume. The other curve properties con¬ 
sidered had little or no relationship to loaf volume. 
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When the doughs were fermented for shorter periods than 3 hours, 
the relationship between actual and calculated loaf volume disap¬ 
peared. The values calculated from curves made from doughs follow¬ 
ing 2, 1, and 0 hours of fermentation were found to have no significant 
correlation with the actual loaf volumes of the flours obtained from 
either 3 or 2 hours of fermentation. 

Mixograms made from doughs containing the malt-phosphate- 
bromate-formula ingredients showed wheat varietal differences more 
distinctly and were easier to interpret in terms of curve properties 
studied. Band width was increased. 

Fermentation consistently decreased time of dough development, 
and varietal differences were shown in dough-development time. 
Curves made from doughs with the malt-phosphate-bromate baking 
formula at 3 and 0 hours of fermentation appeared to be the most useful 
in determining varietal differences in mixing time and baking strength. 
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STUDIES ON TREATING WHEAT WITH ETHYLENE. 
I. EFFECT UPON HIGH MOISTURE WHEAT 1 
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As a rule freshly harvested wheat does not germinate well, nor does 
flour made therefrom bake well. A period of storage is necessary to 
bring either of these functions to the optimum level. Previously 
reported experiments (Balls and Hale, 1940) have shown that flour 
from wheat harvested while somewhat immature underwent an almost 
immediate improvement in baking quality, and likewise an increase in 
germination capacity of the grain, when exposed to air containing 
traces of ethylene. On the other hand, the flour from immature wheat 
(before treatment with ethylene) was not improved by subsequent 
exposure to gas, although eventually it improved, like other fresh flour, 
on lengthy storage. Thus it seems that the improvement in the baking 
quality of the flour is brought about by the effect of the ethylene on the 
whole grain. It is accompanied, as shown below, by a temporary 
rise in carbon dioxide output (frequently referred to as “respiration ”). 
Furthermore the effect is not particularly pronounced on grain already 
aged in storage. 

It appears that the effect of ethylene on grain is similar to that 
observed by Denny (1924) on lemons, by Chace and Church (1927) 
and Chace and Sorber (1928) on many other fruits, and by Chace and 
Sorber (1936) on walnuts. The chemistry of these effects is not yet 
known; in practice they amount to an acceleration of what is generally 
meant by 14 ripening/’ 

On the theory that ripe grain may keep better than unripe grain 
of like moisture content, the possibility is indicated that the treatment 
of wheat with ethylene might materially increase' its keeping qualities 
in storage. Experiments on the storage of grain are, however, ad¬ 
mittedly of little value unless the quantity of grain handled is sufficient 
to simulate conditions obtaining in practice. Such conditions cannot 
at present be obtained with certainty in experiments of laboratory 
scale. It was accordingly arranged through the cooperation of the 
Office of Experiment Stations and the Kansas Agricultural Experi¬ 
ment Station to make a relatively large scale experiment with wheat at 

1 Enzyme Research Laboratory, U S. Dept, of Agr., Bureau of Agr. Chem. and Engineering. 
Contribution No. 81; Dept, of Milling Industry, Kansas Agr. Exp. Sta. Contribution No. 90. 

* U. S. Department of Agriculture. Bureau ot Agricultural Chemistry and Engineering. 

*Depaitment of Milling Industry, Kansas Agricultural Experiment Station. (Part of this work 
was done under Special Research funds.) 
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Manhattan, Kansas. The handling, milling, and testing of the grain, 
as well as the baking tests, were under the direction of E. G. Bayfield, 
and with the use of the facilities of the Kansas Agricultural Experiment 
Station. The results of these experiments on grain of relatively high 
moisture are reported in this paper. 

It was found that when moist wheat (17.2% H 2 O) was exposed to 
ethylene, its keeping quality was decidedly bettered as compared with 
similar but untreated wheat. 

Experiments on High-Moisture Wheat 

About 700 bu. of Tenmarq wheat with an average moisture content 
of 17.2% was harvested by a combine in the vicinity of Manhattan. 
The harvest (considering prevalent weather conditions) was about 6 
days before the grain would ordinarily have been considered dry enough 
for combining. The wheat was brought at once to the Kansas State 
College mill and alternate loads were put into each of two bins. Wheat 
from each bin was then blended in filling the bins used for storage dur¬ 
ing the test. Two cylindrical metal bins were used approximately 6 
feet in diameter and 14 feet in height. Three resistance-type thermom¬ 
eters were centrally installed in each bin, and so located that vertically 
they were equidistant from each other and from the top and bottom of 
the space occupied by the grain. 

The wheat in one of the test bins received no immediate treatment. 
The wheat in the other bin was treated with ethylene. The gas was 
admitted to this bin as the grain was being filled in. The time re¬ 
quired to put in the grain was 90 minutes, and ethylene was injected 
at the rate of one liter in 30 minutes making a total of 3 liters in a total 
space of approximately 11,000 liters, partly filled with wheat. The 
gas was admitted a foot or two above the level of wheat existing at the 
moment; and was thus rapidly mixed with the column of air in the bin 
through which the grain was falling. 

During storage, temperature readings were made at regular inter¬ 
vals on the three pyrometers, respectively described hereafter as 
representing the temperature of the top, middle, and bottom of the 
bins. Both samples of wheat, but particularly the untreated sample, 
had to be cooled occasionally by moving over a separator. Samples 
for milling and baking tests were removed periodically. 

Figure 1 shows the temperature in the bins. From these data, 
it may be seen that the untreated wheat began to heat in about three 
days, and continued to do so in spite of repeated passages over a 
separator. Long before the observations were discontinued this 
wheat had become bin-burnt and very musty, so that it was useless 
for milling into flour. Experiments showed that as little as 15%, 




0AY8 IN STORAGE 

Fig. 2. Temperature of stored wheat (initial moisture 17.2%). The temperatures shown are 
the mean of the three simultaneous readings of the three thermometers located respectively m the top, 
middle, and bottom of«the wheat. 
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blended in normal wheat when milled, imparted a musty taste to the 
flour and bread baked therefrom. 

The treated wheat remained relatively quiescent for 9 days. It 
was moved, however, at the same time as the control grain on the 
ninth day. Subsequent observations showed that the treated wheat 
heated more slowly and required less moving to keep the temperature 
within safe bounds. Nevertheless, it could not have been stored safely 
without any moving at all. This was to be expected, because of the 
very high moisture content. The object of the experiment was 
achieved, however, in comparing the behavior of the two bins. It is 
apparent that the ethylene effect, while not enough to save such very 
moist wheat from damage over many months, did produce a marked 
decrease in the heating of the grain. 

Germination and baking tests seem to bear out these conclusions. 
Germination tests (Table I) showed that 28% of the untreated wheat 


TABLE I 

Effect of Ethylene on Germination of Wheat 
(High-moisture wheat) 



1 Germination teats made on November 28, 1941. 


germinated after 18 days, while 80% of the treated wheat was still 
alive. In 74 days the grain in both bins was completely nonviable. 
In making these tests, samples of the grain were taken from the bins 
on the dates specified, exposed to fresh air, and kept thereafter in 
small containers at 32°F until tested. 

One effect of the ethylene treatment in the wheat was an immediate 
increase in the CO 2 output of the grain (Table II). When considered 
in connection with the temperature chart, it does not seem likely that 
this increase could have been due to the development of microorgan¬ 
isms, but rather to a stimulation of metabolism in the seed. It is 
interesting to note that the excess carbon dioxide produced by the 
treated wheat would amount in the first five days to roughly 200 liters 
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more than that produced by the untreated grain. This is insignificant 
compared with the total of about 1250 liters produced by the treated 
wheat. If the air space is taken as a third of the volume of the grain, 
the maximum possible concentration of carbon dioxide would be about 
34% in the case of the treated and 28% in that of the untreated 


TABLE II 

Effect of Ethylene on the Respiration Rate of Freshly Harvested 

Tenmarq Wheat 


Interval after 

Evolution of CO* 

beginning of 

at room temperature 1 

storage 

Wheat untreated 

Wheat treated 

hours 

mgfJOO g of wheat 124 hrs 

45 - 62.5 

4.1 

4.9 

62.5- 87.5 

3.1 

5.2 

87.5-111.5 

2.9 

4.3 


1 Determined on 1500-g samples by means of the apparatus of Truog (1915). 


wheat. The leakage of gas from such bins is very considerable, but 
yet not immediate. It is obvious that in the case of leakage amount¬ 
ing to three fourths or more of the total C0 2 , the concentration in the 
treated bin would still be significantly greater than that in the untreated. 
As a result of the ethylene treatment, the grain may therefore have 
been stored in an atmosphere containing a significantly higher concen¬ 
tration of carbon dioxide and for this reason it may have suffered a 
decrease in metabolic activity. This hypothesis will be investigated 
when opportunity permits. 

Milling and Baking Results 

Table III gives grain temperatures for various sampling dates 
together with analytical data for wheat and flour. The samples 
were normally milled on the day of sampling, the sample milled being 
taken from a 3 to 4 bushel lot drawn from the bin at each sampling. 
Only a few bushels remained in each bin at the time of the last two 
sampling dates, so that the bin residues were dried out somewhat. 
The high moisture content of the grain during the earlier phases of the 
experiment meant that no tempering of the grain was possible. This 
made milling difficult. During the latter part of the experiment, after 
the grain was damaged by more or less heating, milling was also diffi¬ 
cult because maintaining normal flour ash levels and yields is practically 
impossible with such damaged grain. 

Examination of the flour protein data shows that the wheat in the 
two bins was relatively uniform. In view of this, correlations of the 
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TABLE III 

Storage and Analytical Data for Treated and Untreated Samples 


No. 

Date 

sampled 

Gram temp. °F 


■ 


Top 

Middle 

Bottom 









lb 

% 

% 

% 

% 


UNTREATED—BIN 6 


993 

6/23/41 

97 

95 

95 

57.5 

17.1 

67.5 

11.5 

0.56 

995 

6/24/41 

99 

97 

96 

57.0 

17.0 


11.5 

.52 

997 

6/25/41 

100 

98 

97 

— 

17.3 

71.2 

11.7 

.54 

999 

6/26/41 

102 

99 

98 

56.7 

17.0 


11.7 

.50 

1005 

7/ 1/41 

122 

114 

102 

53.8 

17.6 

69.0 

11.4 

.58 

1007 

7/ 9/41 

95 

99 

101 

— 

17.0 

68.2 

11.4 

.54 

1011 

7/15/41 

107 

105 

101 

— 

16.1 

67.8 

10.8 

.58 

1015 

7/22/41 

103 

108 

104 

— 

16.5 

69.6 

11.5 

.62 

1019 

8/ 5/41 

120 

118 

110 

53.4 

16.5 

68.5 

11.4 

.63 

1023 ! 

8/19/41 

110 

105 

103 

— 

15.9 

68.5 

11.3 

.66 

1027 

9/ 3/41 

101 

103 

102 

54.9 

14.6 


11.4 

.69 

1030 

10/ 2/41 

— 

— 

— 

53.7 

15.0 


11.6 

.67 

1955 ! 

11/ 7/41 

100 

100 

89 

— 

14.9 

68.3 

11.4 

.63 

1961 

12/15/41 

discontinued 

53.7 

14.8 

68.9 

11.4 

.61 

1965 ! 

1/19/42 




56.5 

13.9 

68.2 

11.8 

.71 

2051 

3/ 3/42 




56.8 

12.5 

68.5 

11.7 

1 

.68 


ETHYLENE TREATED—BIN 7 


994 

6/23/41 

99 

99 

101 

56.5 

17.2 

68.6 

11.5 

.57 

996 

6/24/41 

99 

100 

101 

56.7 

17.4 

69.6 

11.5 

.50 

998 

6/25/41 

99 

100 

101 

— 

17.0 

69.8 

11.4 

.53 

1000 

6/26/41 

99 

100 

101 

57.6 

— 

71.0 

11.1 

.51 

1004 

7/ 1/41 

98 

106 

101 

56.5 

16.3 

69.6 

11.1 

.54 

1006 

7/ 9/41 

86 

90 

92 

— 

15.1 

68.8 

11.2 

.51 

1010 

7/15/41 

86 

88 

89 

— 

15.3 

67.8 

11.2 

.52 

1014 

7/22/41 

87 

94 

96 

— 

15.5 

71.2 

11.4 

.59 

1018 

8/ 5/41 

105 

103 

102 

56.2 

15.7 

69.7 

11.3 

.56 

1022 

8/19/41 

107 

105 

101 

58.3 

15.0 

69.5 

11.3 

.59 

1026 

9/ 3/41 

99 

103 

102 

57.1 

15.4 

69.4 

11.2 

.58 

1031 

10/ 2/41 

— 

— 

— 

57.5 

14.7 

66.3 

11.0 

.58 

1956 

11/17/41 

— 

95 

92 

— 

13.7 

69.0 

11.1 

.58 

1960 

12/15/41 

discontinued 

57.5 

13.6 

68.8 

11.1 | 

.55 

1964 

1/19/42 




58.5 

14.1 

67.7 

11.4 

.60 

2052 

3/ 3/42 




57.8 

10.8 

68.7 

11.4 

.56 


1 Moisture basis 15%. 


treatments, respectively, with test weight, moisture content, and num¬ 
ber of times the wheat was turned are interesting. It is evident that 
the ethylene not only aided in reducing the grain temperatures but also 
produced a beneficial effect upon test weight and grain moisture content. 

Table IV gives the baking data for the samples. Data for the 
baking formulas are given, the formulas being as follows: 
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Ingredient Basic + 1 mg Kuru* t * 

Flour 100 0 100 0 

St 5 0 6 0 

Sff °° "25 (120 ° L) 

Shortening 0 0 

Dry Milk solids 0 0 4 0 

Potassium bromate 0 001 , 

Water (distilled) as required as required 

In baking, standard A A C C fermentation times and temperatures 
were used, also National sheeting rolls for punching, and a Thompson 
laboratory molder for molding the loaves Tail-form, approved pans 
were used Loaves were measured for volume immediately from the 

MON MOlSTimC WHEAT 

. A/M/41 /. y / 7/77 jjnw+J ft / / i / / e/ev* 




ummim 





Fig 3. Dough mixer curves (mixograms) with flour from treated and from control (untreated) wheat 
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TABLE IV 

Baking Data for Treated and Untreated Samples 


No 



Basic + 1 mg KBrOa 

Rich 4- 3 mg KBrOa 


Grain 

Crumb 

Loaf 

volume 

Gram 

Crumb 



mxn 

cc 



cc 




UNTREATED—BIN 6 


993 

64 

2} 

658 

73 

. 

848 

95-o 

95cg 

995 

64 

21 

645 

73 

— 

843 

95-o 

95cg 

997 

64 

21 

553 

73 

— 

855 

98-o 

98cy 

999 

64 

21 

618 

78 

— 

850 

98-c 

95cy 

1005 

64 

21 

610 

68 

— 

735 

95-o 

95cy 

1007 

64 

4 

687 

65-o 

65gv 

750 

93-o 

95cg 

1011 

65 

9 

633 

55-o 

55g\ 

735 

90-c 

90gv 

1015 

64 

10 

680 

60-o 

70gy 

735 

80-c 

lOOcy 

1019 

64 

19 

618 

55-o 

53gy 

728 

80-c 

80g 

1023 

64 

20 

550 

45-o 

50gy 

655 

75-o 

75gy 

1027 

65 

30 

515 

45-o 

65gy 

650 

60-o 

60g 

1030 

62 

22 

400 

40-o 

40g 

513 

50-o 

50g 

1955 

64 

50 

358 

40-o 

40g 

465 

40-o 

40g 

1961 

64 

50 3 

325 

20-o 

20gy 

460 

40-o 

30gy 

1965 

64 

50 3 

370 

30-o 

30g 

440 

40-o 

40g 

2051 

64 

50 3 

330 

30-o 

35g 

475 

40-o 

40g 


LTHYLf NE TREATED—BIN 7 


994 

64 

21 

673 

78 

_ 

830 

98-c 

98cy 

996 

64 

2 \ 

653 

78 

— 

875 

98-c 

95cg 

998 

64 

21 

663 

75 

— 

853 

98-c 

95cg 

1000 

64 

2} 

615 

83 

— 

810 

98-c 

95cy 

1004 

64 

21 

590 

83 

— 

810 

95-o 

98cy 

1006 

64 

21 

700 

70-o 

70gv 

735 

93-o 

95cg 

1010 

65 

5 

700 

70-o 

70gy 

730 

90-c 

90gy 

1014 

64 

5 

658 

60-o 

70gy 

815 

85-c 

85gy 

1018 ! 

64 

4J 

680 

65-o 

65gy 

765 

90-c 

95cy 

1022 

63 

5 

638 

63-o 

60gy 

775 

90-c 

88cy 

1026 

64 

6| 

710 

60-o 

60gy 

795 

85-o 

85cy 

1031 

60 

6§ 

675 

55-o 

55g 

703 

70-o 

75g 

1956 

64 

11 

— 

— 


675 

75-o 

70gy 

1960 

64 ! 

8 

625 

70-o 

65gy 

778 

78-c 

80c 

1964 

62 

71 

608 

60-c 

55g 

740 

75-c 

70cg 

2052 

64 

9 

565 

50-o 

50g 

675 

70-o 

70cy 


1 Moisture basis 15%. Rich formula required 2% more than indicated 

2 As determined by recording dough mixer (mixograph) 

3 Actually only mixed 4} minutes m baking 


oven and scored for internal characteristics the following day. Mixing 
times were determined from the recording dough mixer curves, a 
part of the series being illustrated in Fig. 3. 

It is evident that the ethylene-treated samples, with either baking 
formula, produced better bread than those receiving no treatment. 
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Experiments with normal-moisture wheat to be reported in a later 
communication show that treatment with ethylene also benefits the 
baking qualities of flour milled therefrom. As the samples aged the 
baking values decreased, although the decrease was much less evident 
after treatment with ethylene. The recording dough mixer curves 
(Fig. 3) show clearly the effect of damage due to storing the grain with 
abnormally high moisture contents. Figure 4 shows baking results of 
the treated and untreated wheat. All of these samples were baked 
in May, 1942, on the same day in order to obtain a photographic 
comparison. The date for the withdrawal of the samples is indicated 
in the figure. 

Summary 

Two bins each of approximately 325 bushels capacity were filled 
with relatively uniform high moisture wheat. During filling, one bin 
was treated with ethylene gas mixed in the proportion of approximately 
10,000 parts of air to one of ethylene. 

Application of ethylene to the freshly harvested high moisture 
wheat increased the rate of carbon dioxide evolution therefrom. 

The treated wheat did not heat as rapidly nor as much as the 
untreated. 

Grade of the grain, percentage germination, and baking per¬ 
formance of the treated samples were superior to the untreated during 
several months of storage. 

The experiment indicates that ethylene gas does not prevent spoil¬ 
age of wheat stored with a high moisture content, but that heating of 
such wheat may be materially retarded. 
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THE ACTION OF GLUTATHIONE AND WHEAT GERM ON 
DOUGH IN RELATION TO PROTEOLYTIC 
ENZYMES IN WHEAT FLOUR 

E. Elion 

Baltimore, Maryland 
(Read at the Annual Meeting, May 1042) 

Several years ago J0rgensen, and at about the same time Balls and 
Hale, independently, suggested a proteolytic enzyme theory as an 
explanation of the improving action of oxidizing agents on dough. 

J0rgensen has presented extensive experimental evidence in favor 
of this theory, which has since been supported by many other investi¬ 
gators. The present writer (1941) pointed out that when a theory 
has so much experimental support and approval as has been the case 
here, it seems justifiable to discard it only after it is definitely estab¬ 
lished that the experiments on which the theory is founded have been 
incorrect, or if other serious objections against it can be maintained. 
I further stated that new investigations with new techniques, such as 
those by Baker, Parker, and Mize (1942), may reveal new effects of 
oxidizing agents on dough constituents other than the proteolytic 
enzymes, that therefore the action of oxidizing agents on dough may 
be more complicated than was thought originally, but that such addi¬ 
tional observations or other theories, however interesting, do not deny 
the now well established inhibitory action of oxidizing agents on 
proteolytic enzymes in flour, nor do they invalidate the J0rgensen 
theory. 

Some objections against J0rgensen’s theory have been raised 
(Geddes, 1941), based mainly on the behavior of glutathione and 
wheat germ in dough, which was interpreted as contrary to the 
proteolytic-enzyme theory and considered by some as of sufficient 
importance to eliminate it altogether. The present paper, however, 
reports some new evidence, which shows that the behavior of gluta¬ 
thione and wheat germ in dough is in perfect accord with J0rgenscn*s 
theory. 

It is realized that no conclusive and final proof of the correctness 
of J0rgensen , s theory or of any other theory on the effect of oxidizing 
agents in dough is available at present, and therefore one has to 
evaluate such a theory on the basis of accumulated experimental 
evidence, which thus far seems to be decidedly in favor of J0rgensen , s 
theory. This does not exclude the possibility of actions of oxidizing 
agents on dough constituents other than proteolytic enzymes and it 
is hoped that the present paper may stimulate more work on this 
interesting problem. 
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Support of, and Objections to, J0rgensen’s Theory 

The very extensive experimental support of his theory by J0rgensen 
(1935, 1935a, 1935b, 1936, 1938, 1938a, 1939, 1939a) and the correct¬ 
ness of his experiments have never been questioned. Although no 
attempt will be made here to give a complete list of publications in 
support of Jorgensen’s theory or confirming his experiments, the 
following references may be cited: Balls and Hale (1935, 1936, 1936a, 
1938), Sullivan, Howe, and Schmalz (1936), Flohil (1936), L. Elion 
(1937), Muller (1937), Melville and Shattock (1938), E. Elion (1939), 
Hale (1939), Munz and Brabender (1940), Hullett and Stern (1941), 
E. Elion (1941), Davidson and LeClerc (1942). Furthermore E. Elion 
(1941) showed that Hildebrand and Burkert (1941) and Shen and 
Geddes (1941) also obtained results which support some of the experi¬ 
mental evidence put forward by J0rgensen. 

Flohil (private communication) has pointed to the fact that all 
baking improving agents of the type in question, chemical as Well as 
physical, depress proteolytic action, and that anything that does not 
depress proteolytic action is not a flour improver in the ordinarily 
accepted sense of the term, and he stated that these facts cannot very 
well be coincidental , although at the time this statement was made, 
the behavior of wheat germ and glutathione in dough still required an 
explanation. 

The main objections against J0rgensen’s theory can be briefly 
summarized as follows: (1) In short patent flours made from sound 
wheat there is such an extremely small amount of demonstrable 
proteolytic enzyme that it is very difficult to believe that the very 
profound effects obtained are associated with this minute quantity 
of enzyme (Baker, 1941). (2) Wheat germ and glutathione have an 

immediate softening effect upon dough which progressively decreases 
with an extension of the fermentation time, whereas papain has, as 
well as an immediate action, a very marked delayed softening effect. 
If the harmful effect of glutathione should be ascribed to activation 
of flour proteinases, the softening effect due to glutathione should 
progressively increase instead of decrease with an extension of the 
fermentation time (Geddes, 1941; Ford and Maiden, 1938). (3) Car- 

bonnelle (1938), whose experiments strongly support J0rgensen’s 
theory, nevertheless asks whether the action of glutathione is not too 
rapid to be attributed to enzyme activation. Sullivan, Howe, Schmalz, 
and Astleford (1940) state also that the action of such compounds as 
glutathione on dough is too rapid to be attributed solely to enzyme 
activation. This statement appears also in other papers, as if it were 
an established fact. The rapid initial softening action on dough of 



236 


GLUTATHIONE AND WHEAT GERM IN DOUGH 


Vol. 20 


relatively large additions of glutathione is an established fact indeed, 
but thus far we have been unable to find in the literature any experi¬ 
mental support for the statement that such initial action actually is 
too rapid to be attributed solely to enzyme action. 

Purpose of the Investigation 

The purpose of the present investigation has been: (1) to establish 
experimentally whether the action of glutathione on dough is indeed 
too rapid to be attributed solely to enzyme action, (2) to explain the 
progressive decrease of the harmful effect of glutathione on dough 
with an extension of the fermentation time, and (3) to evaluate 
critically the existing objections against the Jorgensen theory. 

Action of Glutathione on Dough 

J0rgensen (1936) reported the results of the addition to dough of 
0.1% of glutathione and showed how this substance, which itself 
possesses no proteolytic activity at all, caused the dough to lose its 
strength very rapidly. He reported the behavior of dough made 
from flour and water only, and the results of farinograph and baking 
tests with or without the addition of 0.1% of glutathione. He con¬ 
cluded that flour contains powerful but latent proteolytic enzymes, 
which manifest their presence after the addition of an activator such 
as glutathione. 

The flour used in Jdrgensen’s experiments was milled from No. 1 
Manitoba wheat, and all other flours examined have shown the same 
behavior with added glutathione. J0rgensen, in this paper, presents 
strong arguments in support of the presence of powerful but latent 
proteolytic enzymes in sound wheat flour. 

In order to establish whether or not the immediate softening 
action of glutathione on dough is too rapid to be attributed solely to 
enzyme action, we have repeated J0rgensen’s tests with flour-water 
doughs and have compared the action of added reduced glutathione 
with that of added papain. As a matter of fact, results from different 
workers cannot be compared on an absolute basis because of the vary¬ 
ing strength of different papain preparations, differences in purity of 
commercially available reduced glutathione, and variations in the 
behavior of different flours. 

In the following tests dough has been made from distilled water 
and an untreated straight-grade flour milled from a 100% spring 
wheat. The amounts of added glutathione and papain selected were 
as high as possible in order to obtain a rapid initial action, but not so 
rapid that the doughs could not be handled just after mixing. 
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Simultaneously with the control test (C) two other experiments 
were made containing, in addition to the flour and water, 0.1% of 
reduced glutathione (test G) and 0.3% of papain (test P), respectively, 
as based on the flour weight. The glutathione and papain were added 
in the water that served to make the doughs. 


5 min 


10 min 


30 mm 


60 min 


Fig I. Nonfermenting doughs. C * control test. G « 0 1% glutathione. P « 0.3% papain 

During mixing of both the glutathione and papain doughs a very 
rapid and similar softening was observed, contrary to the control 
test. Immediately after mixing the three doughs were rounded up and 
the three dough balls, which had the same size at that moment, were 
placed side by side on a plate and observed. It was obvious that both 
G and P doughs very rapidly lost their strength (Fig. 1). 

The pictures in Figure 1 were taken, respectively, 5, 10, 30, and 60 
minutes after the dough balls were made and they demonstrate that 
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the action of the papain was more immediate , and was stronger during 
the entire experiment than that of the glutathione. 

In view of Baker’s objections, mentioned above, the same experi¬ 
ments were made with a sound, untreated Southwestern short patent 
bakery-type flour. In keeping with J0rgensen’s statement that all 
flours examined by him have shown the same behavior, this short- 
patent flour made from sound wheat also has shown the behavior 
represented in Figure 1. 

These experiments confirm those of Jorgensen (1936) as far as the 
behavior of 0.1% of glutathione is concerned and moreover prove that 
the action of even 0.1% of glutathione, although very rapid, is not 
too rapid to be attributed solely to enzyme action, since the action of 
the enzyme papain has been more rapid than that of the glutathione, 
even in the beginning. The immediate action of added proteolytic 
enzyme can be even more rapid than that of glutathione, and whether 
the immediate action of glutathione will be slower or more rapid than 
that of papain seems to depend exclusively upon the relative amounts 
of these materials that are added to the dough. 

These experiments further provide strong evidence of the presence 
of powerful but latent proteolytic enzymes in wheat flour, including 
sound short patent flour. 

It might be argued, although without experimental foundation, 
that the effect of glutathione on dough is indeed similar to the effect 
of papain, provided the actions of correct amounts of both materials 
are compared, but that this does not prove that glutathione acts as 
an activator of the proteolytic enzymes present in flour. Thus the 
similar effects of the two substances on dough might be pure coin¬ 
cidence, and the glutathione might act on some other dough con¬ 
stituent and thus happen to produce an effect similar to that of papain. 
It has indeed been suggested that glutathione, papain, and other SH- 
containing compounds act directl^ on the gluten because of their 
common SH groups, causing the increase in fluidity of doughs. 

As a matter of fact, absolute proof of any theory in this field is 
difficult to establish, but some additional experiments still further 
substantiate Jorgensen’s thesis. Jorgensen (1935) has shown that 
yeast increases the activity of those flour proteinases which can be 
inhibited by bromate, and he found that if the flour had first been 
heated 12 hours at 95°C, which inactivates the flour proteinases, yeast 
no longer had such an influence. He also found that the flour pro¬ 
teinases which can be inhibited by bromate are activated by gluta¬ 
thione, but that glutathione has no such action on suspensions of 
heated flour. We have completed these experiments with doughs 
made from heated flour, prepared according to Jorgensen’s method 
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from the flour which has been used in our experiments (Fig. 1), using 
exactly the same experimental procedure. The results are repre¬ 
sented in Table I. 


TABLE I 

Softening of Unyeastfd Doughs 



Flour 


Addition 

Unheated 

Heated 

None 

No 

No 

0.1% glutathione 

Yes 

No 

0.3% papain 

Yes 

Yes 


In these experiments dough made from unheated flour was softened 
by both glutathione and papain addition, but dough made from heated 
flour was softened only by added papain and not by added gluta¬ 
thione. This proves that with the preliminary heating of the flour, 
which inactivates the flour proteinases, the material on which the 
glutathione acts has also been eliminated, and this increases still 
further the probability that glutathione acts on dough by activating 
the flour proteinases. If papain, glutathione and other SH-containing 
compounds would act directly on the gluten, they should act similarly 
on both heated and unheated flour. 

It may of course again be argued that even our experiments with 
heated flour constitute nothing but coincidence, and that the gluta¬ 
thione still might act on some flour constituent other than proteolytic 
enzymes, which then also would have to be destroyed by heat; but 
for such a statement no experimental support would be available. 

Decrease of Harmful Effect of Glutathione on Dough with 
Extension of Fermentation 

Sullivan, Near, and Foley (1936), Sullivan, Howe, and Schmalz 
(1936, 1937), and Sullivan and Howe (1937) have shown that the 
presence of glutathione is responsible for the harmful action of wheat 
germ on dough, although proteolytic enzymes present in wheat germ 
will also have a detrimental effect. 'They demonstrate that when the 
proteolytic enzymes of wheat germ are destroyed by boiling the water 
extract of germ, the heated extract still has an injurious effect on 
dough quality, which they attribute to the fact that the heated extract 
of germ still contains glutathione, which, in turn, activates the latent 
proteinases of flour. They also state that the water extract of germ 
on standing loses its effect, the rate of loss being dependent on the 
temperature and the time. They point to the probability that the 
reduced glutathione (hereinafter represented by GSH), which gives a 
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positive nitroprusside reaction and activates proteinases, is oxidized on 
standing to the S-S form (hereinafter represented by GSSG), which 
gives no nitroprusside reaction and has no activating effect on pro¬ 
teolytic enzymes. 

This conception has since been confirmed. Ziegler (1940, 1940a) 
definitely establishes the fact that only GSH has a harmful effect, 
and demonstrates that oxidized glutathione (GSSG) itself has an 
improving effect on dough, which is the most marked for an addition 
of about 5 mg of GSSG per 100 g of flour, i.e., about 0.005% on the 
flour weight. 

In view of these findings it must be assumed that the progressive 
decrease in the harmful effect of glutathione and wheat germ on dough 
with an extension of the fermentation time must be connected with a 
progressive oxidation of GSH in the dough, or a progressive dis¬ 
appearance of GSH from the dough through some other kind of re¬ 
action, and consequently a progressive elimination from the dough of 
the flour-proteinase activator GSH, which means a progressive return 
of the flour proteinases to their latent or inactive state and a progressive 
decrease of proteolytic activity in the dough to which GSH has been 
added, with a progressive improvement of its quality. This con¬ 
ception, which would explain the behavior of glutathione and wheat 
germ in dough in accordance with J0rgensen’s theory, finds confirma¬ 
tion in our experiments and the available literature on this subject. 

The glutathione dough G represented in Figure 1, which did not 
show any sign of progressive decrease from the harmful effect of added 
GSH, with extension of time, was analyzed 75 minutes after it was 
mixed and gave a strong positive nitroprusside reaction for GSH. 
Evidently an addition of GSH as high as 0.1% of the flour weight was 
not entirely oxidized or decomposed in such a relatively short time. 
Moreover, earlier investigators have shown that GSH oxidizes only 
slowly, and Ziegler (1940a) demonstrated that GSH, previously oxi¬ 
dized to GSSG, seems to recover its deleterious effect in a yeastless 
dough. 

It was therefore appropriate to investigate the behavior of much 
smaller amounts of GSH and of papain added to flour-water doughs 
in the same way as in the previous experiments. To this effect tests 
were made, the; results of which are represented in Figure 2. 

C reoresents the control dough, made of the same flour as was 
used in the previous tests (Fig. 1); G was composed of the same in¬ 
gredients as C with the addition of 0.005% of GSH on the flour weight, 
and P contains 0.03% of papain. The photographs were made 15 
minutes, 30 minutes, 1 hour, and 2 hours after the dough balls were 
made. It appears that the whole couice of the softening was con- 
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siderably slower, as might be expected, and that the G dough re¬ 
mained distinctly lower than the C dough. The P dough, however, 
was again lower than the G dough throughout the duration of the 
tests. The G dough was analyzed after two hours and no longer gave 
any nitroprusside reaction (although this reaction was positive im¬ 
mediately after mixing), showing that the small amount of added GSH 

C G P 


15 minutes 


30 minutes 


1 hour 


2 houis 


Fig 2 \onh i mooting doughs ( — control test G — 0 00S* f glutathione P — 0 0V f pap on 

had completely disappeared from the dough, either by oxidation to 
GSSG or by some other reaction. The dough components did not 
prevent the nitroprusside reaction after two hours, because a further 
addition of a trace of GSH to the reaction mixture produced immedi¬ 
ately a positive nitroprusside reaction. 

Similar results, but more pronounced, were obtained when a control 
dough was compared with a G dough containing 0.005% of GSH and 
with a P dough containing 0.06% of papain and also when the control 
dough was compared with a G dough containing 0.01% of GSH and 
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with a P dough containing 0 12% of papain. The 042% papain 
dough had lost much more of its strength after 1 hour than the 0.06% 
papain dough after 2 hours, whereas the G doughs were only a little 
lower than the control doughs. 

C G P 


30 minutes 


1 hour 


2 hours 


3 hours 



Fig 3 Fermenting doughs C » control test G » 0 01% glutathione P *0 03% papain 


Further experiments were made with fermenting doughs, composed 
of the same flour and also water, yeast, dextrose, and salt. In the G 
dough 0 01% of GSH was added and the P dough received an addition 
of 0.03% of papain. The results are presented in Figure 3. 
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The photographs were made after 30 minutes, 1 hour, 2 hours, 
and 3 hours of fermentation at 30°C, respectively. In these experi¬ 
ments only the papain dough progressively lost much of its strength. 
While the glutathione dough after the beginning was slightly lower 
than the control dough, after 2 and 3 hours the GSH dough seemed to 
be equal to or better than the control. 

A dough which duplicated the G dough of this experiment was 
analyzed IS minutes after mixing and by that time the GSH nitro- 
prusside reaction was found to be negative. The GSH, activator of 
the flour proteinases, had already disappeared and since GSSG acts as 
an improver according to Ziegler, it is readily understandable that 
the harmful effect of GSH disappeared with the extension of the fer¬ 
mentation time. Evidently the flour-proteinase activator disappeared 
rapidly from the dough, with consequently decreasing flour proteinase 
activity, and this may have been accompanied by the formation of 
GSSG, an improver, with progressive improvement of the dough with 
extension of fermentation time. 

In a fermenting dough numerous factors collaborate to produce the 
final dough volume. Some of these factors, such as gas production, 
tend to increase the dough volume, while others, such as proteolytic 
activity, may tend to decrease the dough volume. If one of the doitgh- 
volume-decreasing factors is eliminated from the dough sometime 
during the fermentation period, without any change in the dough- 
volume-increasing factors, a larger dough volume must result. This 
fully explains the behavior of the fermenting G dough in Figure 3 as 
compared with the control dough C. Of course the fermenting papain 
dough became progressively worse with extension of time, because the 
added papain remained present during the entire fermentation period. 

Hullett and Stern (1941) have shown that GSH may be eliminated 
from wheat germ by “prefermentation” and that the GSH in such a 
process suffers a more far-reaching change than oxidation to the 
GSSG form. In a normal fermenting dough the same elimination of 
GSH through fermentation may occur, apart from any oxidation or 
other decomposition of GSH which may take place. This may explain 
why in our experiments with fermenting dough the GSH in the G 
dough had disappeared so quickly and why the G dough later equaled 
the control. It also explains why in yeastless doughs the G test re¬ 
mained lower than the control. 

Elimination of Remaining Objections Against J0rgensen’s Theory 

The experiments by Geddes (1930, 1941), Flohil (private communi¬ 
cation), and Ford and Maiden (1938) on the behavior of glutathione 
in dough can now be explained in accordance with Jorgensen’s theory 
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and in full support of it. In their tests with glutathione, or wheat 
germ, which contains glutathione, the softening effect in the dough 
occurred only in the beginning of the fermentation period and as long 
as sufficient GSH remained present to activate the flour proteinases. 
The GSH, and therewith its harmful activation of the flour proteinases, 
disappeared progressively from the fermenting dough with extension 
of the fermentation time. Some oxidation to GSSG may have had an 
improving influence, and with prolonged fermentation time the initial 
harmful effect of the added GSH might even have been overcome 
entirely (Flohil, private communication). 

According to Ford and Maiden additions to dough of 0.005% of 
glutathione and 0.03% of papain had similar effects upon their doughs 
during the first ten minutes of mixing. It is now evident that the 
small amount of GSH, and therewith the flour-proteinase activator, 
must have disappeared very rapidly from their doughs, but not the 
added papain, so that these additions could not be expected to show 
parallel effects during the entire fermentation period, as believed by 
Ford and Maiden. According to J0rgenscn's theory it. must be 
expected, on the contrary, that the effect of 0.03% of papain, which 
remains in the dough to exert its detrimental influence, will after 
several hours of fermentation very far exceed the softening effect of 
only 0.005% of GSH, and this is precisely what Ford and Maiden 
found, in support of Jorgensen's theory, although they did not in¬ 
terpret it thus. 

Baker's objections are based on the opinion that short patent 
flours made from sound wheat should contain only an extremely small 
amount of demonstrable proteolytic enzyme, making it difficult to 
believe that the very profound effects obtained are due to an action 
by this very small quantity. It follows from our experiments, in 
confirmation of Jorgensen (1936), that even sound short patent flours 
contain powerful but latent proteolytic enzymes, which only need an 
activator (which is supplied by glutathione or by yeast) to exert 
their powerful action, and it is therefore perfectly conceivable that 
these enzymes, once being activated, have such powerful effects. 

The presence of proteolytic enzymes in flour, however, has re¬ 
peatedly been reported in the literature (Stockham, 1920; Bailey, 1925; 
Balls and Hale, 1935; Blagoveschensky and Yurgenson, 1935; Flohil, 
1936) (untreated patent flour). Landis and Frey (1938) give figures 
for the proteolytic activity of wheat flour as compared with malts. 
Their data indicate relatively appreciable proteolytic activity in 
different kinds of flour, including short patent flours. Similar figures 
have recently been published by Hildebrand (1942). Freilich and 
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Frey (1939) bring further evidence of proteolytic activity in patent 
flours. 

Hale (1939), discussing the presence of proteinase in flour, states 
that Jorgensen's work has definitely established the point at issue and 
he shows the type of direct evidence that is based on the actual extraction 
of the proteinase from patent flour and the observation of its behavior in 
solution toward well-known activators and inhibitors of papain, which 
is found to be like the behavior of papain. Hale furthermore states 
that the unbleached patent flour used “reduced the viscosity of gelatin 
at about the same rate as one fifty-thousandth of its weight of crystal¬ 
line papain. This quantity of enzyme seems in fact surprisingly large , 
when one considers the effect of a trace of papain added to dough. One 
part of commercial papain to 20,000 parts of flour may completely 
liquefy a dough, and a quarter of this quantity of the crystalline 
enzyme should also suffice. If, as seems reasonable, this marked 
change is caused by scarcely doubling the (flour) proteinase, it follows 
that the amount naturally present is of no slight importance. There is 
without doubt enough to produce disastrous effects if by mischance 
the enzyme should be activated—a situation that can conceivably 
arise in several ways.” 

Baker, Parker, and Mize (1942) refer to this paper by Hale (1939) 
to support their view that patent flours contain so little proteolytic 
enzyme that much doubt should be thrown on Jorgensen’s theory, 
but in view of the foregoing quotations from Hale, the reference by 
Baker and collaborators to Hale’s paper in this respect seems to be 
unfounded. In view of the well established fact of the presence of 
powerful but latent proteolytic enzymes in flour, Baker’s objections 
are not justified. 

Sullivan, Howe, Schmalz, and Astleford (1940) have made extensive 
studies in order to find some other action of oxidizing agents in dough, 
but most of their experiments gave negative results. They found that 
flours with poor baking quality do not always have a higher glutathione 
content; that the influence of bromate and similar oxidizing agents on 
the lipid complex of flour is not primarily responsible for their im¬ 
proving action; that there is no significant effect of these oxidizing 
agents on the diastatic enzymes, nor on the starch, nor on the sugars. 
If this effect is not on the proteolytic enzymes, these authors suggest 
that the beneficial effect of the oxidizing agents then should be upon 
the gluten, and upon the sulfur linkages of the gluten. However, 
they recognize that proteolytic enzymes themselves also contain a 
similar sulfur linkage and they realize that it will be difficult to prove 
that the activation of the proteolytic enzymes is a secondary effect. 
Their paper does not seem to bring direct evidence against the pro- 



246 


GLUTATHIONE AND WHEAT GERM IN DOUGH 


Vol. 20 


teolytic enzyme theory, and we do not know of other published objec¬ 
tions to this theory which cannot be shown to be actually in accordance 
with it. 

Velocity of the Action of Glutathione and Papain on Dough 

In Table II the amounts of glutathione, wheat germ, or papain 
added to the dough by various authors, are summarized. 


TABLE II 

Additions to Dough by Various Authors 


Author 

Papain 

GSSG 

GSII 

Wheat germ 

Geddes.. .. 

Sullivan, Howe, and 

— 

— 

— 

5% 

Schmalz . . 

— 

— 

0.02% * 

10% * 

Flohil... . 

0.001% 

— 

— 

2-4% 

Ford and Maiden . . 

0.03% 

— 

0.005% 

— 


0.0067% 

— 

0.005% 

— 

Jdrgensen. . 

Elion (Fig. 1) 

0.3% 

z 

0.1% 

0.1% 


(0.03% 

— 

[0.005% 

— 

Elion (Fig. 2). 

0.06% 

— 

0.005% 

— 

10.12% 

— 

to.oi% 

— 

Elion (Fig. 3) 

0.03% 

— 

0.01% 

— 

Ziegler. 


0.005% 

(optimum) 




1 Sullivan, Howe, and Schmalz found that the initial effect on dough of 0.02% added glutathione 
was about the same as that of the added extract of 10% wheat germ. 


We have shown that, if the proper amounts of glutathione and 
papain are compared, the immediate as well as the delayed actions of 
papain can be stronger than those of glutathione. It is also possible 
to select the relative amounts differently, so that both materials act 
with the same initial speed, whereas the papain will have a stronger 
ultimate effect after a prolonged period of time. The amounts may 
also be selected, as has been done by Ford and Maiden (0.0067% of 
papain and 0.005% of GSH) so that the glutathione test in the be¬ 
ginning gives faster action than the papain test, and later of course 
becomes slower. 

Freilich and Frey (1939) state that “ cysteine and glutathione 
produce immediate specific effects, which are noticeable while the 
dough is still being mixed, but the effects of papain are very gradual 
by comparison, doughs with added papain in amounts which produce 
effects in bread similar to those of cysteine and glutathione, may be 
normal after mixing and become soft and sticky only after a few hours' 
fermentation." This observation also fits Jorgensen's theory. How¬ 
ever, the statement that glutathione produces immediate "specific" 
effects, whereas the effects of papain are very gradual, may easily 
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cause misunderstanding. This statement must have resulted from the 
comparison of inadequate amounts of papain and glutathione. In 
fact, if one compares the action on dough of papain and of GSH in 
amounts which produce similar effects in bread (that is, after the entire 
fermentation period, when only the original amount of papain added 
still retains its harmful effect, while the other ingredient (GSH) 
probably has already disappeared entirely from the dough) it is ob¬ 
vious that the initial amount of GSH added to the dough must have 
been considerably too large as compared with the amount of papain 
added, in order to have enough GSH remain in the dough to show any 
effect on the baked bread. Only under such abnormal conditions of 
comparison is the initial action of the GSH much stronger than of 
the papain, but this does not justify the conclusion that GSH should 
have any specific effect which is not shown by papain. As a matter 
of fact, there is no such specific difference between the action of gluta¬ 
thione and of papain, provided they are compared only as long as both 
materials are present in the dough in the amounts in which they have 
been added—that is, only in the very, beginning of the fermentation 
^period. When compared under such conditions, the effects of gluta¬ 
thione and of papain on dough are entirely similar, as shown in our 

Chemical Effects of Flour Proteinases 


experiments. 


Proteolytic enzymes can be measured only by the effects which 

the y produce. As far as the chemical changes involved in such action 

__ concerned, Bailey (1925, page 266) stated: “It is conceivable that 
are # m 

subsi antial m °dification of the gluten proteins in contact with active 
prote ases ma y resu ^ w ^hout any material increase in the simpler de- 
gradati on P r °ducts of proteolysis which can be estimated by analytical 
methods 5 now available.” 

Biag<} vesc h ens ky and Yurgenson (1935) showed that flour pro¬ 
teinases ^ ssess a definite solvent action on wheat proteins, which 
effect is one\^ disaggregation and not of increase in amino nitrogen. 

Balls ancK^ a ^ e 1936a) also show that very considerable 

modification of* a P 1 " 0 ^ 11 can occur and still be recorded only afs a 
small change measured by any of our present-day cheiWical 

Notwithstanding f he ana *y tlcal difficulties to be expected, mos 
(1942) recently found ^ sma11 but definite and progressive increase 
even in amino nitrogen iE an unyeasted dough. / 

The fact that the stron^ 81 ^! m flaence of Proteolytic eniymes 
in flour on the dough propertil? 18 ^ establish with chimica 

methods may have been the ca?f L for ^belief that the amo/unt of 


proteolytic enzymes in flour must 


insignificant. 



248 


GLUTATHIONE AND WHEAT GERM IN DOUGH 


Vol 20 


Summary 

The action of glutathione and of wheat germ, which contains 
glutathione, on dough has been considered by some authors as being 
evidence against the correctness of Jorgensen’s theory of the action of 
bromates and similar oxidizing agents as flour improvers. The present 
author, from the literature and new experimental evidence, shows that 
the hitherto unexplained behavior of glutathione in dough can be 
explained, in accordance with and in support of Jorgensen's theory, 
solely by the activating effect of reduced glutathione upon the powerful 
but latent flour proteinases and that the progressive decrease of the 
harmful effect of reduced glutathione with increased fermentation 
tijaire results either from the progressive oxidation of reduced gluta¬ 
thione to oxidized glutathione (which is not a proteinase activator, 
but a flour improver) or from its progressive elimination from the 
dough because of some more far-reaching change. 

It is pointed out that, while oxidizing agents may be found to 
act also on dough constituents other than proteolytic enzymes, the 
proteolytic enzyme theory of J0rgensen is too well founded and sup¬ 
ported to permit its rejection. 
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OBSERVATIONS ON THE pH OF CHEMICALLY 
LEAVENED PRODUCTS 

Elizabeth McKim and H. V. Moss 

Monsanto Chemical Company, St. Louis, Missouri 
(Read at the Annual Meeting, May 1042) 

Interest in the pH of chemically leavened products has been re¬ 
vived by the increasing knowledge of the effect of H-ion concentration 
on thiamin retention. Variables affecting the determination of pH 
of baked products are of new significance because these may influence 
the correlation of thiamin destruction with pH. 

Several investigators have studied the measurement of pH of flour 
and baked products. Halton and Fisher (1928) found that pH of 
flour extracts increased with increase in the ratio of water to flour 
used in the determination. Whittier and Grewe (1929) substantiated 
the effect of the water-to-sample ratio and concluded that pH of 
extracts of baked products is not a reliable measure of H-ion con¬ 
centration of the undiluted product. Garnatz (1937) found that pH 
of water extracts decreased on standing and Stamberg and Bailey 
(1939) found that^pH of cakes shifted toward neutrality on standing 
three days. 
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Biscuits and cakes were made by the formulas and procedures 
shown in Tables I and II. Typical leavening mixtures were used in 

TABLE I 
Biscuit Formulas 



Acid leavening 

Sodium 

acid 

pyro¬ 

phos¬ 

phate 

! 

Mono¬ 

calcium 

phos¬ 

phate. 

anhy¬ 

drous 

Mono¬ 

calcium 

phos¬ 

phate, 

hy¬ 

drated 

Cream 

of 

tartar 

MCP. 36.3% 
SAS, 63.7% 

Neutralizing value of acid 

70.0 

83.5 

80.0 

50.0 

86.8 

Flour: 50% patent soft wheat, 

g 

g 

g 

g 

g 

chlorine bleached, pH 5.0-5.2 

200.0 

200.0 

200.0 

200.0 

200.0 

Salt (NaCl) 

4.0 

4.0 

4.0 

4.0 

4.0 

Soda (NaHCO*) 

2.5 

2.5 

3.0 

3.0 

3.0 

Acid leavening 

3.57 

3.0 

3.75 

6.0 

3.45 


ml 

ml 

ml 

ml 

ml 

Shortening (Wesson Oil) 

25.0 

25.0 

25.0 

25.0 

25.0 

Milk (10% reconstituted DSM) 

122.0 

122.0 

122.0 

| 122.0 

122.0 


Procedure: Dough mixed in Kitchen-aid minute; rolled, folded, rolled, and 
cut. Baked 12 minutes at 460°F in electric oven. 

TABLE II 
Cake Formulas 


Flour: 50% patent soft wheat, chlorine bleached 

260 

g 

Sugar: fine granulated 

250 

g 

Hydrogenated shortening 

65 

g 

Dried skim milk 

30 

g 

Water 

200 

ml 

Whole fresh egg 

82 

g 

Salt 

4 

g 

Soda 

3 

g 

Acid leavening: 


Sodium acid pyrophosphate 

4.3 

g 

or monocalcium phosphate—anhydrous 

3.6 

g 

or monocalcium phosphate—hydrated 

3.75 

g 

or cream of tartar 

6.0 

g 

or MCP 36.3% 4* SAPP 63.7% 

3.45 



Procedure: (1) The milk was reconstituted in the water before using. 
(2) Sugar and shortening creamed 5 minutes on second speed. (3) Egg 
added and creamed 5 minutes on second speed. (4) Dry ingredients 
sifted 4 times and added alternately with milk at first speed in 30 
seconds. (5) Mixed second speed 1H minutes. (6) Scaled at 325 g 
and baked 35 minutes at 400°F in an electric oven. 


amounts usually employed for each particular combination. Except 
where noted, the pH of biscuits and cakes was determined by the 
following procedures. 









252 pH OF CHEMICALLY LEAVENED PRODUCTS Vol. 20 

Method of Determining pH 

Biscuit: A whole biscuit that had been out of the oven 3 to 4 hours 
was weighed, broken up in a porcelain mortar, and twice the weight 
of the biscuit in ml of water was added. The whole was macerated 
with the pestle until a uniform mixture was obtained and the biscuit 
was thoroughly wetted. A portion of this slurry was placed in a 
20-ml beaker and pH determined directly on the slurry with a Leeds 
and Northrup 1199-12 glass electrode. 

Two readings were made with stirring of the slurry between read¬ 
ings. If readings deviated beyond 0.1 pH a third reading was made. 
Poor checks indicated improper sample preparation. 

To avoid contamination of the electrode, it was washed with dis¬ 
tilled water after each determination and occasionally wiped with lens 
paper or cleansing tissue. Sometimes acetone was used to remove 
adhering fat. 

Cake: Cakes were allowed to stand overnight after baking. The 
crust was cut off and 15 g of crumb was crumbled in a mortar. 30 ml 
water was added and this mixed thoroughly with a pestle. From 
here, procedure was the same as for biscuits. 

Biscuits 

pH of biscuit doughs: An attempt was made to determine the pH 
of the straight doughs containing typical leavening mixtures. Because 
of large error in the determinations on the undiluted dough it was 
found necessary to resort to diluting the dough with half its weight of 
water. In Table III typical values are given for biscuit doughs con¬ 
taining the more usual leavening mixtures. 

TABLE III 

pH of Biscuit Doughs 

(Electrometric on mixture of 1 part water to 2 parts dough) 


. 

Average 

of 

twelve 

Range 

PE 

of 

mean 

MCP-SAS “ combination ” 

6.9S 

6.57-7.20 

±0.0361 

Monocalcium phosphate, hydrated 

6.79 

6.58-6.95 

±0.0256 

Sodium acid pyrophosphate 

6.74 

6.30-7.05 

±0.0345 

Monocalcium phosphate, anhydrous 

6.66 

6.48-6.78 

±0.0180 

Cream of tartar 

6.39 

6.18-6.80 

±0.0323 

Unleavened dough 

5.82 

5.78-5.91 

±0.0105 


All the leavening combinations raised the pH of the dough, cream 
of tartar the least and an MCP-SAS combination the most. Differ¬ 
ences between hydrated monocalcium phosphate and sodium acid 
pyrophosphate and between sodium acid pyrophosphate and anhy- 
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drous monocalcium phosphate were not statistically significant; all 
other differences were significant. 

Age and temperature of dough vs pH of biscuit: When biscuit doughs 
were allowed to stand there was no significant change in pH. This 
may have been influenced by the relatively large error in the deter¬ 
mination on the dough. However, the pH of biscuits with some of 
the leavening mixtures was affected by the time the dough stood before 
baking. These values are shown in Table IV. 

TABLE IV 

Effect of Age and Temperature of Dough on pH of Baked Biscuit 
(Electrometric pH on mixture of 2 parts water to 1 part whole biscuit) 


\( id leavening 


DOUGHS HMD AT 20°-23°C 


Sodium acid pyrophosphate 
Monocalcium phosphate, anhydrous 
Monocalcium phosphate, monoh\drate 
Cream of tartar 

Monocalcium phosphate, hydrated, 36.3% 
Sodium aluminum sulfate, 63.7% 

No leavening 


DOUGHS III LI) \r 8°c 


Sodium acid pyrophosphate 
Monocalcium phosphate, anhydrous 
Monocalcium phosphate, monohydrute 
Cream of tartar 

Monocalcium phosphate, hydrated, 36.3% ) 
Sodium aluminum sulfate, 63.7% / 



Age of dough 


0 hr 

2 lus 

4 hrs 

Over¬ 

night 

-23°c 

7.49 

7.22 

7.10 

6.98 

6.86 

6.85 

6.86 

6.86 

6.85 

6.88 i 

6.86 

6.83 

6.65 

6.85 

6.74 

6.66 

7.06 

7.04 

6.97 

6.91 

5.98 


— 

—- 

;°c 





7.39 

7.36 

7.12 


6.85 

6.84 

6.88 


6.88 

6.86 

6.86 


6.81 

6.72 

6.73 


7.02 

7.02 

6.93 


Biscuits made with sodium acid pyrophosphate were more acid the 
longer the dough was allowed to stand, and the higher the dough 
temperature the greater the change. An MCP-SAS combination 
showed the same tendency to a lesser extent. Cream of tartar bis¬ 
cuits appeared to go through a maximum in about 2 hours and then 
declined; this trend was shown by three individual doughs from which 
these data were developed. 

From Tables III and IV, it is apparent that the pH of biscuits 
was higher than that of the doughs from which they were made and 
that this difference varied with the type of leavening used. 

Age and condition of biscuit vs pH of biscuit: It is common practice 
to air-dry and crumble samples which are to be assayed for vitamin 
content and the assay thus obtained is sometimes related to pH of 
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the same sample and sometimes to the pH of the fresh undried product. 
In order to determine whether pH of the dried and undried material 
is the same, pH determinations were made on fresh and on one-day-old 
whole biscuits and on air-dried, crumbled, whole biscuits. 

TABLE V 

Effect of Age and Condition of Biscuit on pH of Biscuit 
(Electrometric pH on mixture of 2 parts water to 1 part whole biscuit) 



Aged 1 hr, 
whole 

Aged overnight 

Overall 

change 

Whole 

Crumbled 

Sodium acid pyrophosphate 

7.50 


7.22 

-0.28 

Monocalcium phosphate, anhydrous 

6.80 

6.81 

6.74 


Monocalcium phosphate, hydrated 

6.84 

6.85 

6.72 

-0.12 

Cream of tartar 

6.70 

6.72 



MCP-SAS combination 

7.01 



-0.11 


The results in Table V show that on aging the exposed whole bis¬ 
cuit there is no significant change in pH. When the biscuit is crumbled 
and air-dried there is a definite drop in pH which varies with the 
leavening. Furthermore, the difference in pH between the aged, 
whole, and crumbled biscuits increases with increase in pH of the 
whole fresh biscuit. This is shown in Figure 1. 



Effect cn pH of water-to-sample ratio: It has been demonstrated 
that increasing the proportion of water to sample used in the deter¬ 
mination results in an increase in pH which is not accounted for by 
dilution effect (Whittier and Grewe, 1929). In order to determine 
whether this is true with all common leavening combinations, pH was 
determined on fresh whole biscuits made with the various leavenings 
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and by varying the water-to-sample ratio as shown in Table VI. 
These data show that pH increases on all typical biscuits with increase 
in the proportion of water used in the test. Only in the case of the 

TABLE VI 

Effect on pH Caused by Variation in Ratio of Water to Biscuit Used 
in the Determination 


Ratio water to whole biscuit 



1 :1 

2 :1 

4:1 

10:1 

Sodium acid pyrophosphate 

7.40 

7.49 

7.S8 

7.64 

Sodium acid pyrophosphate, change in 1 hr 

-0.13 

-0.15 

-0.18 

-0.04 

MCP-SAS combination 

6.88 

7.01 

7.05 

7.20 

Monocalcium phosphate, anhydrous 

6.78 

6.82 

6.90 

6.96 

Monocalcium phosphate, hydrated 

6.70 

6.83 

6.90 

6.97 

Cream of tartar 

6.61 

6.68 

6.65 

! 

6.72 


slurry vs filtered extract—(10 :1) 



Slurry 

Filtered extract 

15 min 

30 min 

* 

60 min 

Sodium acid pyrophosphate 

7.64 

7.64 

7.62 

7.56 

Sodium acid pyrophosphate, change in 1 hr 

— 

— 

— 

-.08 

Monocalcium phosphate, anhydrous 

7.08 

7.06 

7.08 

7.04 

Monocalcium phosphate, hydrated 

7.04 

7.08 

7.06 

7.06 


biscuits made with sodium acid pyrophosphate did the slurries de¬ 
crease in pH on standing one hour. 

The official A. O. A. C. and A. A. C. C. methods, which call for a 
10-water-to-l-sample ratio, give generally high pH values on chemi¬ 
cally leavened products. The filtered extract and the unseparated 
slurry give essentially the same result. 

TABLE VII 

pH of Biscuit Crumb and Crust 
(Reconstituted dry skimmilk as liquid) 



Whole 

biscuit 

Crumb 

Top 

crust 

Bottom 

crust 

Sodium acid pyrophosphate 

7.50 

7.72 

7.11 

7.11 

MCP-SAS combination 

6.90 

7.20 

6.58 

6.70 

Monocalcium phosphate, hydrated 

6.88 

6.91 

6.72 

6.70 

Monocalcium phosphate, anhydrous 

6.84 

6.93 

6.62 

6.70 

Cream of tartar 

6.60 1 

i 

6.98 

6.20 

6.26 


effect of browning on PH of crust 

Pale crust 

Sodium acid pyrophosphate 7.03 

Monocalcium phosphate, anhydrous 6.97 


Brown crust 

6.72 

6.64 
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pH of biscuit crumb and crust: The pH of bread and cake is usually 
determined on the crumb but since biscuits have a relatively high 
proportion of crust it has been the practice in this laboratory to deter¬ 
mine pH on the whole biscuit by the method previously described. 


o 



In order to establish the differences in the pH of different portions 
of biscuits leavened with various mixtures, determinations were made 
on the biscuit crumb, the top and bottom crusts, and the whole biscuit. 
The results in Table VII show that the crumb was more alkaline and 
the crust more acid than the whole biscuit. The bottom and top 
crusts were the same. 
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The difference in pH of the crust and crumb varied with the 
leavening, the browning of the crust, and the pH of the crumb. At 
usual pH levels, calcium acid phosphates showed the least difference 
and cream of tartar the most. The browner the crust the more acid. 
Using water instead of milk raised the pH 0.2 to 0.3 unit with every 
leavening except cream of tartar; with the latter the pH was 0.05 to 
0.10 lower. 

The effect of increase in alkalinity of the crumb upon the differ¬ 
ence in pH between the crust and crumb is shown for the phosphates 
in Figure 2. The more alkaline the crumb, the greater the difference 
between the crust and crumb. Anhydrous monocalcium phosphate 
gave a relatively more acid crust than the monohydrate but the change 
with increase in pH of the crumb was essentially the same for both of 
these salts. Sodium acid pyrophosphate at low crumb-pH had the 
most acid crust but as alkalinity of the crumb increased the differ¬ 
ence in pH of crust and crumb changed less than with the calcium 
phosphates. 

Cakes 

pH of batters and cakes: It is shown in Table VIII that as with 
biscuit doughs, the usual leavening salts raised the pi I of the batter, 
and cakes generally showed a higher pH than the corresponding 
batters. 

TABLE VIII 

pH oi Baiti rs y\d Cakis 
(Electrometric, on batter as is) 




Age of battci 



0 lu 

| l lirs 

4 lirs 

Overnight 

BATTERS HELD AT 23°C 




Sodium acid pyrophosphate 

7.19 

6.91 

6.85 

6.98 

Monocalcium phosphate, anhydrous 

7.00 

6.20 

6.30 

6.50 

MCP-SAS combination 

6.72 

6.64 

6 72 

6.91 

Monocalcium phosphate, hydrated 

6.32 

6.36 

6.36 

6.78 

Cream of tartar 

6.30 

6.20 

6.22 

6A3 

No leavening 

6 13 

- | 

i - 

1 

1 I _ 

CAKES FROM ABOVE BATTERS 



Sodium acid pyrophosphate 

7.28 

_ 

_ 

7.13 

Monocalcium phosphate, anhydrous 

6.84 

— 

—* 

6.78 

MCP-SAS combination 

6.98 

— 

— 

6.88 

Monocalcium phosphate, hydrated 

6.84 

— 

— 

6.68 

Cream of tartar 

[ 6.88 

— 

— 

6.76 
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On letting the batters stand, all but the one made with mono¬ 
hydrate monocalcium phosphate showed an initial drop in pH which 
with sodium acid pyrophosphate was relatively retarded; on prolonged 
standing, pH of the batter tended to rise. The cakes from the aged 
batters were more acid than those from fresh batters. 

Effect on pH of water-to-sample ratio: Increasing the proportion of 
water to cake crumb used in the pH determination gave an effect 
similar to that found with biscuits. Since the cake crumb was more 
moist than a biscuit, pH measurements were also made on the crumb 
without added water. Although the error in the latter values is large 
the results are shown with the other data in Table IX to demonstrate 
the pronounced effect of the first increment of water added. 

TABLE IX 

Effect on pH Caused by Variations in R^vtio of Water to Cake Crumb 



Ratio water to crumb 

0 

1 : 1 

2 : 1 

4 : 1 

10:1 

Sodium acid pyrophosphate 

6.30 

7.20 


■9f9 

7.38 

MCP-SAS combination 

6.55 

6.87 


Hi Sfl 

— 

Monocalcium phosphate, anhydrous 

6.02 

6.82 



7.03 

Cream of tartar 

6.47 

6.71 

6.88 


— 

Monocalcium phosphate, hydrated 


6.66 

6.84 

6.88 

— 

No leavening 

6.38 

— 

6.60 

— 

—— 


pH of various parts of cake: The pH determinations on various 
portions of cakes containing typical leavening mixtures are shown in 
Table X. The cake was most alkaline in the middle and became 
progressively more acid toward the crust. Unlike biscuits, the bottom 
crust was more acid than the top crust. 

TABLE X 

pH of Cake Crumb and Crust 


(Electrometric on 2 parts water to 1 part cake portion) 



Middle 

of 

cake 

Whole 

crumb 

Half 

inch 

from 

crust 

Top 

crust 

Bottom 

crust 

Sodium acid pyrophosphate 

7.26 

7.25 

7.24 


6.12 

MCP-SAS combination 


6.98 



5.88 

Monocalcium phosphate, anhydrous 

6.88 

6.88 

6.79 

6.67 


Cream of taitar 

6.98 

6.84 

6.77 

6.29 

5.72 

Monocaldum phosphate, hydrated 

6.76 

6.76 

6.69 

6.58 

6.11 


Summary and Conclusions 

The pH values for biscuit doughs, cake batters, and baked prod¬ 
ucts containing the more common leavening mixtures were determined 
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and the effect of certain variations in the method of determining pH 
were studied. 

Biscuit doughs did not change in pH on standing. Biscuit baked 
from doughs leavened with sodium acid pyrophosphate and with a 
typical combination of monocalcium phosphate and sodium aluminum 
sulfate became more acid the longer the dough stood before baking. 
The air-dried crumbled biscuit was more acid than similar whole 
biscuit of the same age. The higher the water-to-sample ratio used 
in the pH determination the higher was the pH. The biscuit crumb 
was the most alkaline and the crust the most acid; the relation of pH 
of crust to crumb changed with the pH of the crumb. 

The more liquid cake batters changed in pH on aging, and the 
older the batter the lower was the pH of the cake baked from it. 
The effect of changing ratio of water to sample and the relative levels 
of pH in different portions of the cake were similar to those found on 
biscuits. 

Aside from variations in baking procedure which have been shown 
to influence the pH of the baked product as measured by a given 
method, variations in the method of determining pH on the same 
biscuit or cake had a pronounced effect on the value obtained. High 
values were obtained on a fresh center crumb with 10 parts water to 
1 part sample in the determination; low values resulted when the 
whole air-dried product was tested with the minimum of water. These 
extremes in procedure can result in a difference of 0.4 to 0.6 pH units 
on the same baked product, the magnitude of the difference depending 
upon the leavening. 

An estimate of the retention of thiamin in baked products cannot 
be made on the basis of pH unless the method employed in deter¬ 
mining pH is standardized and has been previously correlated with 
vitamin assays. 
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REDUCTION OF THE FERMENTABLE CARBOHYDRATE 
CONTENT OF CORN BY KILN DRYING 

S. L. Adams, W. H. Stark, and Paul Kolachov 

Research and Development Department, Joseph E. Seagram & Sons, Inc., 
Louisville, Kentucky 

(Read at the Annual Meeting, May 1942) 

Many distilleries include in their grain specifications the stipulation 
that corn shall have a moisture of not more than 12% to 13%. Much 
of the new corn crop each year is kiln-dried, both to meet the distillery 
specifications and to avoid spoilage in the elevator. Plant observations 
over a period of several years have revealed a drop in alcohol yield in 
the autumn, which appears to coincide with the use of kiln-dried corn. 
In order to determine the effect of kiln drying on the fermentable 
carbohydrate content of corn, a number of samples were obtained from 
an experimental commercial drier. 

These portions of the same original batch had been dried at 160°, 
170°, 180°, 190°, and 200°F. Our procedure was to set small-scale 
laboratory fermenters of spirits mash (92% corn, 8% batley malt) 
under conditions similar to those used in mashing and setting plant 
fermenters. The corn was ground, cooked atmospherically for one 
hour, and then pressure-cooked for one hour in the autoclave at 22 
pounds. The cooks were cooled to 145°F and a malt slurry added for 
conversion. The converted mash was cooled to 68°-72°F, 20% stillage 
was added to adjust the concentration to 38 gallons per bushel of grain, 


TABLE I 

Alcohol Yield from Corn Dried in an Experimental Commercial Drier 


Sample 

No 

Drying 

temperature 

Gallons 100 proof 
alcohol per bushel 
of gram (dry basis) 


°F 


6 

160 

6.07 

7 

170 

6.09 

8 

180 

6 08 

9 

190 

6.14 

10 

200 

5.82 


and the pH adjusted to 4.8. Fermenters were then set with an in¬ 
oculum of 2% yeast by volume. At the end of 68 hours' fermentation 
the alcohol was distilled off and read on the Zeiss refractometer. Al¬ 
cohol yield was calculated as gallons of 100 proof alcohol per bushel of 
grain on the dry basis and as plant fermentation efficiency, which is 
equal to the grams of alcohol actually obtained on distillation divided 
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by the theoretical alcohol yield, which is based on the initial total sugar 
present in the set fermenter. 

It will be noted that the yield from the corn dried at 200°F was 
significantly lower than the yield from the portions dried at lower 
temperatures (Table I). In order to investigate this problem more 
fully an experimental rotary drier was constructed in our laboratory 
(Fig. 1). This drier was installed in an incubator equipped with 



Fig. 1 Rotary drier. 


heaters capable of maintaining a temperature as high as 240°F. An 
electric fan in the incubator insured even heat distribution. The 
drier was rotated at approximately 30 rpm. Samples of new-crop 
com with high moisture were secured and portions were dried in the 
experimental drier at 180°, 190°, 200°, 210°, 220°, and 230°F. The 
length of time for drying was varied to secure the desired final moisture. 

The corn used in the experiment reported in Table II had an initial 
moisture of only 14%, so it was dried to a moisture of 10%. It will 
be noted that the proof gallons per bushel yield recovered from corn 
dried at 210° and 230°P' was somewhat lower than the yield obtained 

TABLE II 

Alcohol Yield i<rom Corn with an Initial Moisture of 14% Dried in Rot\ry 
Laboratory Drier (Fig. 1) 

(Initial moisture 13.47%) 


Sample 

No. 

Drying 

temp. 

Drying 

time 

Final 

moisture 

Gallons 100 proof 
alcohol per bushel 
of gram (dry basis) 


°F 

tntn 

% 


1 

170 

50 

9.89 

5.83 

2 



10.14 

5.86 

3 



10.71 

5 94 

4 



10.45 

5.68 

5 

Wi'mw .-/v 


9.57 

5.74 
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from corn dried at lower temperatures. It was felt that a sample of 
higher moisture corn should be tested, since com reaching a commercial 
elevator with 14% moisture would not normally be dried. 

Accordingly a sample of corn was secured with a moisture of 16%. 
Again the alcohol yield from corn dried at temperatures higher than 
200°F was lower than the yields from corn dried at lower temperatures 
(Table III). 

TABLE III 

Alcohol Yield from Corn with an Initial Moisture of 16% Dried in Rotary 
Laboratory Drier (Fig. 1) 


Sample 

No. 

Drying 

temp. 

Drying 

time 

Final 

moisture 

Gallons 100 proof 
alcohol per bushel 
of grain (dry basis) 


°F 

mm 

% 


1 

Unheated control 

14.13 

6.04 

2 

180 

15 

12.19 

6.00 

3 

190 

13 

12.08 

5.92 

4 

200 

12 

12.44 

6.01 

5 

208 

10 

12.22 

5.78 

6 

220 

8 

12.36 

5.79 


TABLE IV 

Alcohol Yield from Corn with an Initial Moisture of 17% Dried in Rotary 
Laboratory Drier (Fig. 1) 


Sample 

No. 

Drying 

temp. 

Drying 

time 

Final 

moisture 

Gallons 100 proof 
alcohol per bushel 
of grain (dry basis) 


op 

mtn 

% 


1 

Unheated control 

17.28 

6.31 

2 

180 

19 

14.22 

6.12 

3 

190 

17 

13.97 

6.12 

4 

200 

16 

13.87 

6.02 

5 

210 

14 

13.71 

5.90 

6 

220 

12 

14.27 

5.92 


Table IV presents the results of test fermentations on a corn sample 
with an initial moisture of 17%. Larger amounts of this corn were 
used in each drying than were used in previous experiments. For 
this reason, a longer exposure to the heat was necessary to attain the 
desired final moisture. Several important indications may be found 
in these data: first, the detrimental effect of drying temperatures above 
200°F; second, the unheated control gave a higher proof gallon per 
bushel yield than any of the kiln-dried samples. These results were 
checked by additional experiments employing the same conditions. 

In order to approximate more closely the conditions employed in 
certain commercial driers, a different type of laboratory kiln drier was 
constructed (Fig. 2). 
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Compressed air is passed through a manometer in order to main¬ 
tain a constant rate of flow. The air is then passed through a glass 
coil where it is heated by a Bunsen burner to the desired temperature. 



Temperature is determined by means of a thermometer inserted in the 
bottom of the large Buchner funnel, which serves as the drier. Corn, 
placed in the funnel, is stirred by a bent-glass rod driven by a small 
laboratory motor. A metal cover over the funnel reduces heat loss. 

TABLE V 

Alcohol Yield from Corn Drifd in Laboratory Drier No. 2 (Fig. 2) 


Sample 

No 

Drying 

temp 

Dry ing 
time 

Final 

moisture 

Gallons 100 proof 
alcohol per bushel 
of gram (dry basis) 


°/, 

min 

% 


1 

160 

45 

12.70 

6.14 

2 

180 

35 

12.78 

6.10 

3 

200 

33 

12.53 

6.19 

4 

210 

30 

12.85 

6.18 

5 

Unheated control 

15.76 

6.35 


The corn used in the experiment reported in Table V had an initial 
moisture of 17.5%. The amount of com and the velocity of air were 
varied so that 45 minutes were required to dry the sample to a moisture 
of 12.5% at 160°F. This time-temperature relationship is the same 
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TABLE VI 

Alcohol Yield from Corn Dried in Laboratory Drier No. 2 (Fig. 2) 


Sample 

No 

Drying 

temp 

Drying 

time 

Final 

moisture 

Gallons 100 proof 
alcohol per bushel 
of gram (dry basin) 


°F 

mm 

% 


1 

160 

45 

13.50 

6.17 

2 

180 

35 

13 63 

6.16 

3 

200 

33 

13.61 

6.20 

4 

210 

30 

13.46 

6.21 

5 

220 

29 

13.14 

6.21 

6 

Unheated control 

16.87 

6.30 


as that used by at least one commercial drier. It will be noted that 
the yield of alcohol from the unheated control was again higher than 
that from any of the kiln-dried samples. 

Table VI presents the results of an experiment carried out under the 
same conditions as the previous one and merely serves to confirm those 
results. The decrease in yield between corn dried at temperatures 
lower than 200°F and corn dried at 200°F and higher was not evident 
with this type of drier. The explanation may lie in the fact that the 
first type was inclosed in a cabinet and there was no significant tempera¬ 
ture differential between the corn and the surrounding atmosphere. 

TABLE VII 

Alcohol Yield from Corn Dried in Laboratory Drii r No 2 (Fig 2) Using 

Rfduced Drying Timl 


Sample 

No 

Drying 

temp 

Drying 

time 

F uuil 
moisture 

Gallons 100 proof 
alcohol per bushel 
of gram (dry basts) 


°F 

mm 

7t 


1 

160 

23 

13.13 

6.14 

2 

160 

23 

13,13 

6 15 

3 

200 

17 

13.10 

6 16 

4 

200 

17 

13.10 

6.17 

5 

220 

15 

13 10 

6.18 

6 

220 

15 

13.10 

6 18 

7 

Unheated 

control 

16.11 

6 29 

8 

Unheated control 

16.11 

6.28 


TABLE VIII 



Alcohol Yield *rom Corn Dried at 

Room 

Temperature 

Sample 

No 

Drying 

temp 

Final 

moisture 

Gallons 100 proof 
alcohol per bushel 
of gram (dry basis) 



% 


1 

Room temperature 

12.16 

6.07 

2 

Undried control 

15.62 

6.07 
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With the second type the heat loss was much greater and the grain 
actually never reached the temperature of the air passed through it. 
This might seem to be a defect in the laboratory drier but in reality it 
corresponds to the conditions in at least one commercial kiln drier. 

In order to determine the effect of time of exposure to the drying 
temperature on alcohol yield, the amount of corn used in each drying 
was reduced so that the desired final moisture could be obtained in 
half the time required in previous experiments. Results of fermenta¬ 
tions run on this corn revealed that the yields from the dried portions 
were still all lower than the yield from the control (Table VII). 

In order to determine whether or not the reduction in yield noted 
above could be due merely to loss of moisture from the kernel and not 
to the temperature of drying, a sample of 17.5% moisture corn was 
divided into two portions. One was dried at room temperature to 
12% moisture and the other used as the undried control. The proof- 
gallons-per-bushel yield of alcohol obtained upon fermentation of these 
samples was identical (Table VIII). 

Discussion 

Two effects of kiln drying have been found. The first of these is 
the decrease in yield of 0.1 to 0.2 proof gallon per bushel from all 
kiln-dried corn. This effect appears to be relatively independent of 
reduction of the length of exposure to the drying temperature Evi¬ 
dently some chemical or physico-chemical changes occur which alter 
the fermentable carbohydrate portion of the grain. The most feasible 
explanation is that the action of heat on the starch produces a certain 
amount of unfermentable dextrins. That this change is due to heat 
and not to dehydration of the kernel has been proved by fermentation 
tests on corn dried at room temperature. The point might be raised 
that various t\pes of grain might react differently. However, in the 
course of this investigation numerous samples from various sources 
were tested and in no instance was there any indication that flinty 
character, starch content, or an\ other factor influenced the results. 
In the work reported here there was no attempt to conduct a survey 
of types of corn in relation to the effect of kiln drying. Such a study 
might yield valuable information. 

It is difficult or impossible to avoid purchasing kiln-dried corn. 
In such cases careful consideration should be given to the type of 
drier used and the temperature at which it is operated. 

Our experimental work indicates that under certain conditions 
drying at high temperatures results in a still further decrease in alcohol 
yield. As stated before, this effect was noted with the first type of 
laboratory drier used but not with the second. With the first type 
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the corn was heated to the indicated temperature rapidly and was 
maintained at that temperature for the duration of the drying period. 
With the second type the stream of heated air was maintained at the 
indicated temperature but heat loss to the atmosphere was so great that 
the temperature of this com was always 15 to 20 degrees lower. In 
plant-scale operations this differential is probably much smaller. The 
decrease noted in alcohol yield from com dried in an experimental 
commercial drier at temperatures above 200°F indicates that at least 
some commercial driers produce an effect similar to the first type of 
laboratory drier reported in this paper. 

Summary 

Kiln drying of com results in a 2% to 3% decrease in alcohol yield. 

Under certain conditions, kiln drying of corn at temperatures of 
200°F and above may result in a decrease of 4% to 6% in the alcohol 
yield. 

Since the effect of kiln drying varies with the type of equipment 
used, it should l>e advantageous to the grain companies and to the 
manufacturers of kiln-drying equipment to institute a thorough pro¬ 
gram of research on the problem. The most feasible plan would be to 
conduct fermentation studies on com dried in laboratory-scale models 
of the various types of commercial driers. 

The action of heat on the fermentable carbohydrate portion of the 
grain has not been definitely characterized but is probably a formation 
of a certain amount of unfermentable dextrins. 

Acknowledgment 

The authors acknowledge the assistance of Mr. E. W. Blasinski, Mr. G. A, Snyder, 
Mr. V. Oberting, Mr. R. S. Mather, and Mr. A. Novak. 



Cereal Chemistry 


Vol. XX MAY, 1943 No. 3 


THE PENTOSANS OF WHEAT FLOUR 

J. C. Bakkr, II. K. P \rkkr, and M. 1). Mizk 

VVdll.icc & Ticrnan Laboratories, Newark, New Jersey 
(Road at the \nnual Meeting, May 1942) 

Baker and Mize (1942) reported that sodium chlorite was decom¬ 
posed in 24 hours by the solution obtained in washing gluten from a 
dough. Chlorite was also reduced by glutens that were dispersed and 
suspended in salt solutions. Little or no sodium chlorite was reduced 
under similar conditions by either the starch or the so-called “amylo- 
dextrin” portions separated from the dough by the washing. It was 
also shown that the flow property of gluten could be largely removed 
by thorough washing of the gluten, indicating that this “flow” prop¬ 
erty was associated with the soluble constituents of dough. 

In studies reported above on the effect of oxidation with sodium 
chlorite on the elastic spring and viscous flow of doughs, it was found 
that the flow was greath decreased in the dough by a moderate degree 
of oxidation, and that a high degree of oxidation of the yeast less dough 
caused tightening of the dough and a marked decrease in flow. These 
observations led to the subsequent study of the water-soluble material 
in flour and the effect thereon of several oxidizing agents. 

Experimental 

Preparation of strong gluten wash water: Gluten was washed from a 
dough in an equal weight of 3} 2 % salt solution (instead of %% salt 
solution as described in work referred to above). The starches were 
separated from this solution by centrifuging and the supernatant liquid 
was used again and again to continue the rewashings of the gluten 
until the starch was as completely removed as possible. 

Properties of strong gluten wash water: When to 5 ml of such strong 
gluten wash water one or two drops of 0.1% solution of sodium chlorite 
were added, and allowed to stand a short period, a gel was formed. 1 

iFive milliliters represented extract from approximately 2] ^ g of flour. One diop ol 0.1 % sodium 
chlorite was approximately 20 ppm, basis of 2 t a g of flout. 
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This gel resembled undisturbed egg white and had many of its proper¬ 
ties. It could be whipped to a stiff foam resembling beaten egg white. 
This unbeaten gel became a liquid when allowed to stand over-night 
at room temperature. It would not re-gel on further standing, nor 
could it be induced to gel by the addition of more sodium chlorite. 

Preparation of Concentrated Flour Extract 

The above method of preparing concentrated solutions of flour 
solubles was so laborious that a simpler method was devised. 

One hundred grams of flour was beaten with 200 ml of distilled 
water for five minutes in a Waring Blendor. Oxygen and foam were 
eliminated from the operation by placing the Waring Blendor in a 
vacuum chamber. The batter thus obtained was poured into centri¬ 
fuge tubes covered with cellophane and whirled in an ordinary Babcock 
centrifuge for 30 minutes. The supernatant liquids thus separated are 
the concentrated flour extracts referred to in this paper, and were so 
prepared unless otherwise indicated. 

Properties of Concentrated Flour Extracts 

These concentrated flour extracts reacted toward sodium chlorite 
as did the strong gluten wash water. Gels were formed at the 20- to 
40-ppm concentration of sodium chlorite, but would not form when 
80 ppm was added. 

These gels also became liquid when allowed to stand overnig ^ lon 
room temperature or when boiled for a short time. Lowerin 
temperature of the gels below 17.5°C delayed liquefaction. One e 
gels were liquefied they could not be reconstituted, even by the adc^ on 
of more sodium chlorite. 

Hydrogen peroxide, sodium iodate, iodine in potassium if lide, 
potassium bromate, sodium meta-vanadate, ammonium persulfate, 
oxygen, and calcium peroxide (all commonly used and well known 
oxidizing agents) gave, to some degree at least, gels that were similar 
to those obtained with sodium chlorite. When potassium bromate was 
used, it was necessary to saturate the concentrated flour extract with 
carbon dioxide to form a gel. 

Separation of the Gel-Forming Substance 

Since there was apparently something in these flour extracts, as 
well as in the strong gluten wash waters, that could be caused to stiffen 
or gel by the addition of an oxidizing agent, the separation of this in¬ 
gredient was attempted. At first it seemed that the substance was a 
soluble protein, and so various protein precipitants were tried. Most 
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of the precipitates obtained by the use of various alcohols, acetone, and 
salts would not gel with an oxidizing agent when redissolved. 

The addition of ammonium sulfate and certain dilutions of ethyl 
alcohol gave precipitates which, upon redissolving and dialyzing, gelled 
with either sodium chlorite or iodine. Such precipitates contained 
less than 50% protein, thereby giving the first indication that the ma¬ 
terial which gelled might have been nonprotein. Solutions of these 
dialyzed ammonium sulfate precipitates, when hydrolyzed with acid 
and then neutralized, could not be fermented with yeast yet such 
hydrolysates had strong reducing properties with Folding's solution. 

Guided by these observations, pentoses were tested for and found 
in abundance. This indicated that very possibly pentosans were the 
water-soluble gelling ingredient. Pentosans have been reported in 
flour by other workers. Jacobs and Rask (1920) worked out a labora¬ 
tory method for the control of wheat flour milling based upon the 
determinations of pentosans. Hoffman and Gortner (1927) reported 
separating soluble pentosans from some of the residues obtained when 
carrying out Osborne’s classical method of preparing soluble proteins. 
Their method was not suited to our purpose because of the long periods 
of time through which the solutions must be retained before the 
pentosans could be separated. Larmour (1927) described a pentose 
containing material obtained by alkaline extraction of cereals. His 
method was not adaptable because the alkaline extracts would not gel. 

Durham (1925) in his work on viscosity and hydrogen peroxide in 
flour suspensions reported the formation of a gel from a solution similar 
to our concentrated flour extract. He was unable to separate any 
constituent from the gel. 

In efforts to develop quicker and more direct methods of separating 
this substance, concentrated flour extract was fractioned with in¬ 
creasing amounts of ammonium sulfate; the steps included separating, 
dialyzing, redissolving, then repeating. No product was obtained that 
contained less than 20% protein, although nearly all of these fractions 
gave gelling reactions with sodium chlorite. 

Finally, after many trials and modifications of Ritthausen’s method 
(1872), clear filtrates were obtained that were nearly protein-free, and 
by a second treatment with the copper reagent, followed by precipita¬ 
tion with ammonium sulfate, pentosan products were obtained which 
contained as little as 0.1% protein. 

Method of Preparing Pure Water-Soluble Wheat Gum 

Four hundred grams of flour was mixed with 800 ml of distilled 
water in a 2-liter flask by shaking together, and then further mixed in 
a vacuum with a Waring lilendor operated at top speed for 5 minutes. 
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(This required two hatches.) The batter was poured into centrifuge 
tubes, covered with cellophane held by rubber bands, and centrifuged 
for 30 minutes. 

The supernatants were filtered through a cot ton-plugged funnel. 
To every 100 ml was added 16.7 ml of saturated CuS0 4 at 25°C. The 
solution was then stirred with a high-speed stirrer with a hexagonal nut 
for an agitator. During stirring 6.0 ml of 5 N NaOH was added 
gradually. A burette having a capillary jet was used so as to direct 
the NaOH just clear of and between the parallel planes of the stirrer 
head. 

Perceptible particles of cupric hydroxide sometimes formed in the 
suspension. Continued mixing disintegrated these and a homogeneous 
mixture was obtained. The pH of the mixed solution was between S.5 
and 5.6 at this point. Usually the precipitate settled rather sharply 
and rapidly. 

This solution was transferred to metal cups protected by thin coat¬ 
ings of bees wax, and centrifuged at high speed, 5000 ppm for 30 min¬ 
utes. The centrifugates were collected by filtering through a cotton 
plug. The filtrate was usuall> clear, though with some flours there 
was slight turbidity. 

A second copper precipitation was carried out upon this filtrate 
precisely as had been done above. The pH of the mixed solution, after 
the addition of the caustic soda solution, was adjusted if necessary to 
between 5.8 and 6.O. 2 This solution was also centrifuged and filtered. 
Usually this filtrate was brilliantly clear and only slightly colored with 
copper sulfate. 

Having removed the soluble proteins, our next step was to precipi¬ 
tate the pentosan gum with ammonium sulfate. To every 100 ml of 
filtrate obtained above was added 70 grams of cp ammonium sulfate*. 
This was dissolved as much as possible by stirring. The gum thus 
precipitated was allowed to rise to the surface and pack together. 
This gum, along with the sujxrnatant liquid, was decanted from the 
undissolved ammonium sulfatfc into centrifuge cups. After centrifug¬ 
ing for 15 minutes at moderate speed, the gum forms a tough floating 
layer. This was removed and rinsed rapidly with a very little distilled 
water. It was then dissolved in distilled water by mixing with water 
a little at a time. A clear homogeneous solution was slowly obtained. 
The gum solution was made up to approximately 100 ml and dialyzed 
in a collodion bag. The ammonium sulfate was nearly all removed in 
24 hours by dialysis at 15°-17°C against 2000 ml distilled water renewed 
5 times. 

* The pH was determined by a colorimetric com para tni method with methyl red as the indicator 
and a phosphate buffer. A cleai water background wan used lor the unknown sample containing the 
indicator and the unknown solution itself (with its copper color) was used as a background for the buffer 
solution containing the indicator. 
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To obtain the purest gums, the dialyses were carried on for 48 hours. 
It was noted that these pure gums would tend to gel in the bags if the 
dialyses were continued for a longer time. This seemed to be due to 
oxygen dissolved in the distilled water. Many of the purer gums were 
dialyzed against cold boiled distilled water that had been saturated 
with C0 2 . 

The pure gum may be precipitated from the dialyzed solution by 
70% alcohol, or by removal of water by vacuum at room temperature. 
Most of our studies were carried out with the purified dialyzed solutions. 

The analyses of these water-soluble wheat gums obtained as above 
showed them to be substantially pure pentosans. The furfural method 
(Cereal Laboratory Methods , 4th ed. 1941, pp 68-69) accounted for 
approximately 95% of the compound. No uronic acid and no galac¬ 
tose could be found. Its composition was found to be similar to that 
reported for flour pentosans by Freeman and Gortner (1932). 

Properties of Soluble Wheat Pentosan 

These purified wheat pentosans dissolved slowly in water to ck*ar 
solutions which were highh viscous as 1% concentrations. The solu¬ 
tions would not whip to a foam as did the concentrated flour extracts. 
They did not gel as readily with all oxidizing agents as did the con¬ 
centrated flour extracts. Best gels were obtained when iodine (in KI) 
was added in barely detectable excess, using starch indicator. Sodium 
chlorite also gave a gelling reaction. Sunlight and ultraviolet light 
both hastened the gelling reaction of oxidizing agents on solutions of 
pentosans, as well as on concentrated flour extracts. 

Table I gives data obtained from a series of flours of widely varying 
characteristics. The total soluble pentosans found in 10 ml of con¬ 
centrated flour extract, the amount of purified pentosans recovered 
from 10 ml of the flour extracts, and the percentages of nitrogen found 
in the purified pentosans are tabulated. The last two columns show 
the gelling reactions for both the flour extracts and the purified gums. 

The amounts of total soluble pentosans found in the concentrated 
flour extracts did not vary widely except for Chiefkan flour, which 
contained the least. The amounts of purified pentosans recovered 
were not especially significant because of the influence thereon of the 
technique used in their purifications. In some cases yields of 45% 
were obtained. The pentosans not recovered were largely lost in the 
copper precipitate. Precipitation by ammonium sulfate is not com¬ 
plete and hence more pentosans are lost in this step. 

The data indicating the gel reactions of the flour extracts and of the 
gums purified therefrom show that some of the flour extracts did not 
gel by any of the methods used. Two of them did gel when a minimum 
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of water was used in making the concentrated flour extracts. The 
purified pentosans from extracts of all sound flours possessed the gelling 
property. Those from sprouted wheat flours did not gel. The reasons 
for the failure of some of the flour extracts to gel with oxidation was not 
indicated by the experiments recorded in Table I. One might expect 


TABLE I 

Some Characteristics of the .Soluble Pentosans Found in Several Flours 



Pentosans 

Purified 

Nitrogen 

1 Gel reactions 

Kind of wheat flour 

in 

pentosans 

found 



10 ml 

recovered 

in 




of flour 

trom 10 ml oi 

purified 

Flour 

Purified 


extract 

flour extiac t 

pentosan* 

extract 

pentosans 

Kansas hard winter 

H 

H 

* < 



patent 

Dakota hard spring 

0.060 

0.024 

0.10 

Gel 

Gel 

patent 

Dakota hard spring 

0.064 

0.014 

0 02 

Gel 

Gel 

clear 

Kansas chiefkan (1939 

0.049 

0.018 

0.20 

No gel 

Gel 

crop) 

0 038 

0.020 

0 21 

No gel 1 

Gel 

Dakota durum 

0.057 

0 023 

0 22 

No gel 

* Gel 

Eastern soft winter 
Minnesota, 27% 

0.050 

0.023 

0.24 

No gel 1 

Gel 

sprouted 

Minnesota, 10% 

0.061 

0.011 

0.38 

No gel 

No gel 

sprouted 

0.062 

0.025 

0 38 

No gel 

No gel 


1 Gelled when extiacted with less water 


all sound flour extracts to gel because their corresponding gums purified 
therefrom did gel. Possibly there were some other flour ingredients in 
those concentrated flour extracts that interfered with the gel formation. 

Effect of Various Substances upon the Viscosity and Gelling 
Property of Purified Pentosans 

The effects of man> substances upon the gelling property of purified 
wheat pentosans were tested to determine whether any of them had 
this interfering characteristic. The following substances did not pre¬ 
vent the gelling reaction: maltose, soluble starch, peptones, papain, 
pancreatin, and purified alpha-amylase. Egg white and milk had the 
effect of retarding the formation of a gel, and the gels thus formed were 
softer than otherwise. 

Interfeiences with the gelling reaction were obtained by the use of 
heated malt extract, unheated malt extract, water extract from sprouted 
wheat flour, water extract from wheat bran, and water extract from 
wheat germ. 

In the case of bran extract, a gel could be formed if sodium chlorite 
was added promptly after the bran extract had been mixed with the 
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solution of pentosans. But such gel would liquefy very soon after its 
formation. If the bran extract was left in contact with the pentosan 
solution for half an hour before the oxidizing agent was added, no gel 
could be formed. These experiments suggested enzymatic action and 
so tests were applied for reducing sugars. Since these tests were nega¬ 
tive, it indicated that the enzymatic action had not proceeded far 
enough to produce pentoses yet might have reduced the size of the 
aggregates or otherwise altered the pentosans. 

Effect of Concentration on Viscosity and Gelling 
Property of Soluble Pentosans 

The data given in Table I show that some of the flour extracts gave 
a gel reaction only when extracted with less than the usual amount of 
water. This led to a study of the viscosities of flour extracts and solu¬ 



tions of purified wheat pentosans before and after the addition of 
oxidizing agents. The data obtained from these experiments are given 
in Figure 1. 

Two sets of curves are shown. That on the left gives the results for 
flour extracts and that on the right for purified gums (wheat pentosans). 
The ordinates show the seconds of flow frorii a pipette and the abscissas 
show the grams of pentosans per 100 ml for each of the solutions tested. 

The viscosities of the untreated (unoxidized) solutions rose regu¬ 
larly with increased concentrations. When oxidizing agents w*ere 
added, similar increases in viscosities w r ere observed until the critical 
concentrations of the solutions were reached. At these points the vis¬ 
cosities quickly rose to immeasurable values because the solutions 
turned to gels. It is to be noted in passing that the two sets of curves, 
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the ones for flour extracts and the ones for purified gums, are quite 
similar. 

Effect of Temperature and Concentrations on the 
Viscosity of Pentosan Solutions 

Baker and Mize (1939) suggested that “The changes in dough 
which produce undesirable results are those associated with excessive 
softening and loss of viscosity during heating.” That observation led 
us to make determinations of the effects of varying temperatures upon 



Hk 2 The of purified pentosan solutions. 

the viscosities of pentosan solutions. Figure 2 shows the results of 
these studies. 

The ordinate scale shows viscosity at time of flow from a pipette 
and the abscissa the temperatures at different concentrations of purified 
pentosan solutions. The flow of water through the same pipette is 
shown by the lower curve for comparison. The solutions all showed 
relatively high viscosities which increased greatl/ as the concentration 
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was increased. Viscosities dropped rapidly when the solutions were 
heated from 8°C to 65°C. Though not shown in the figure, the addi¬ 
tion of 50 ppm of glutathione to these pentosan solutions further lowers 
their viscosity appreciably. 

Character of Pentosans Obtained from Oxidized Batters 

It was observed during the progress of these studies that when a gel 
was once formed and subsequently broken up by stirring or beating, it 
could not be reformed either on standing or by further oxidation. In 
order to indicate whether this effect occurs in batter or dough, a series 
of experiments was undertaken where sodium chlorite was added to a 
concentrated flour batter 25 minutes before centrifuging in order to 
permit the batter to thicken. 


TABLE II 

Eiihcis oi Sodium Chlorite upon the Water Solubles or a Kansas Hard 
W ini i r VVhlai Patent Flour 


I realment ol ballet 

Soluble 

pentosans 

Soluble 
protein 
in 10 ml 
ol water 
extract 

1 otal solu¬ 
ble extract 

s Gel reactions 

in 10 nil 
ol water 
extratt 

in 10 ml 
of water 
extract 

Flour 

extract 

Purified 

pentosans 

i 

No treatment, 

S 

0.060 

R 

0.076 

R 

0.164 ; 

Gel 1 

Gel 2 

NaClOj, 25 ppm 

0.056 

0.070 

0.358 

Gel 3 i 

Gel 3 

NjCIOc, 80 ppm 

0.050 

0.070 

0.352 

No gel 

No gel 


1 Stiffest best gel * Medium gel propci ties * Poorest gel reaction 


'Table II shows the results of this study. Three batters from the 
same flour were made up— one with no oxidizing agent therein, the 
second with 25 ppm sodium chlorite added, and the third with 80 ppm 
of NdCl() 2 . The batters containing NaC10 2 thickened appreciably. 

The soluble pentosans were determined in 10-ml portions of the 
concentrated flour extracts centrifuged from the three batters. Each 
figure in the first column represents the grams of soluble pentosans in 
5.0 g of flour. The second column shows the grams of soluble protein 
matter and the third column the grams of total soluble matter in 5.0 g 
of flour. The gel reactions of the concentrated flour extracts and of 
the purified pentosans obtained therefrom are shown for each flour 
treatment in the last two columns. 

It is to be noted that with increased oxidation the amount of soluble 
pentosans decreased nearly 20%. There was a somewhat similar 
decrease in the soluble proteins. The total soluble extract decreased 
by an amount about equal to the sum of the losses of those two in¬ 
gredients in the supernatant. The gel reaction on oxidation was cor- 
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respondingly less firm as the oxidation in the batter was increased until, 
when 80 ppm of NaC10 2 was added to the batter, neither the concen¬ 
trated flour extract nor the purified pentosans separated therefrom 
possessed any gelling property. 

Insoluble Pentosans in Wheat Flour 

Jacobs (1920) found that refined flours contained from 2.25% to 
2.80% of total pentosans, on the dry-flour basis. We found part of 
the wheat-flour pentosans to be water-soluble. A thorough extraction 
of a flour with water by decantation indicated that the total soluble 
pentosans averaged above 1.0%. The insoluble pentosans must be 
present either in the gluten or the starch; otherwise an impossibly large 
percentage of bran powder must be present to account for such a rela¬ 
tively large amount of insoluble pentosans. 


TABLE III 

Insoluble Pentosans in Wheat Flour 


Constituent 

Protein 

A X S 7 

Pentosans 

redistilled 

Vv^raRo 
diameter of 
starch granules 

Gluten, 1st washing 

<y< 

84.9 

0.95 


Gluten after 4th dispersion 

94 4 

0.66 

— 

Starch, large granules, rewashed 4 times 

0.3 

0 44 

21.4 

Starch, small granules, rewashed 4 times 

2.2 

14.01 

3.9 


In order to locate these insolubles, we separated the gluten and 
starch by ordinary gluten working technique with a relatively large 
amount of water. The gluten was washed four times by the dispersion 
method as described by Baker, Parker, and Mize (1942) while the 
starch was washed four times by decantation to remove all solubles. 

The starch was then collected by centrifuging. It deposited in 
three layers in the centrifuge cup. The lower layer contained the 
large starch granules. A thin, sharply defined intermediate layer was 
mostly bran powder, while the upper or third layer was made up of 
small granules of starch, which have sometimes been called “amylo- 
dextrin.” This upper layer was carefully removed from the cup; the 
intermediate layer was removed and discarded. The lower layer was 
washed and centrifuged and kept apart from the upper small-starch 
layer which also was further washed and centrifuged until finally two 
well washed and free-from-bran-powder samples of starch were ob¬ 
tained, one of coarse granules and the other of fine granules. These 
were analyzed for pentosans by the method of Schmidt, Neilson, and 
Hammer (1932). The washed and dispersed glutens were also an- 
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alyzed for pentosans. Table III gives the results of these deter¬ 
minations. 

The hand-washed gluten (first washing) contained 0.95% pento¬ 
sans. Four dispersions of this gluten only lowered this quantity to 
0.66%—indicating that there was only a small amount of soluble 
pentosans removable from the gluten. The small residual may well 
have been due to the retention of bran particles in this hand-washed 
gluten. The rewashed (4 times) coarse starch contained 0.44% pento¬ 
sans and 0.3% protein, while the small-granule starch contained 14% 
pentosans and 2.2% protein. 

The high pentosan content of the small starch could not have been 
due to the presence of bran powder for two reasons—first, because it 
would have required a 60% bran content to have given such a value 
and, second, because a microscopic examination showed practically no 
bran particles among the spherical starch granules. 

By analysis, there was 33 times as much water-insoluble pentosan 
in the small-starch as in the large-starch granules. Measurements of 
the average diameters of these starch granules showed that the larger 
granules averaged 21.4 while the small ones had an average of only 
3.9 n. The ratio of the surfaces for equal weights of the small and 
large starch granules was calculated by the formula: (Z^i) 2 /(Z> 2 ) 2 
= 30.4, where D\ — diameter of large-starch granule and Do = diam¬ 
eter of small-starch granule. 

The small starch had 30.4 times as much surface and 33 times as 
much pentosan as did the large starch. These similar values are good 
indications that all the starch granules, both large and small, have a 
pentosan content proportional to their surfaces and suggests that the 
pentosans are deposited upon the surface of the starch granules. 

Discussion 

There has been presented in a somewhat chronological order experi¬ 
ments that indicate the presence of soluble pentosans in wheat flour. 
These usually have the property of forming aqueous gels when treated 
with certain oxidizing agents. 

There w r ere many variations in the effects of the several commonly 
used oxidizing agents u|>on both the concentrated flour extracts and 
the purified pentosans separated from them. These variations w r ere 
further complicated by the changes brought about by temperature, 
concentration, time, and reducing substances such as glutathione. 

It is shown that several soluble ingredients found in flour and bread 
doughs interfered with this gelling reaction. For example, maltose, 
soluble peptones, papain, pancreatin, and alpha-amylase had little or 
no effect upon the gelling property of pentosans, while other, constitu- 
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ents of doughs such as malt extracts, water extracts of sprouted wheat 
flour, bran, or germ all interfered seriously with the formation of gels. 

These studies and observations lead to a consideration of the pos¬ 
sible role that pentosans may play in the production of bread. 

In sound patent bread flours there is some variation in the amount 
of soluble pentosans present. The soluble pentosans usually amount to 
1% or more in refined flour. If all the soluble pentosans in dough arc 
in solution in the free water of the dough and the free water is 50% of 
that added, as shown by Skovholt and Bailey (1935), there would be 
approximately a 4% solution of pentosan in the free water. Doubtless 
the actual concentration is somewhat lower, but in any case dough 
should contain a much more concentrated solution of pentosans than 
that used in our experiments and hence with properties correspondingly 
more pronounced. 

The formation of pentosan gels in dough may be affected and altered 
by (1) the amount and nature of the soluble pentosans, (2) the kind, 
amount, and manner of application of the oxidizing agent used in the 
dough, and (3) the amount and activity of substances in the dough that 
alter the viscosity or interfere with the production of gel. 

A pentosan gel once formed is irreversible. Such a gel if beaten 
to a liquid will not reform on standing or by further oxidation. The 
rigidity that a gel would give to a dough would thus be broken by 
manipulation or handling in a bakery. Possibly an effect of remixing 
old dough is to break up the pentosan structure and give the dough the 
fluid character of younger doughs. This irreversible property of pen¬ 
tosans suggests that the gelling reaction in dough might desirably be 
delayed until all manipulations of the dough have been completed 
and the dough is in the pan. The rigidity that the gel formation would 
give the panned dough would prevent coalescence of bubbles in the 
proof period, and hence loss of bubble structure in the bread. Since 
the viscosity of pentosans is lowered and their gelling hindered or pre¬ 
vented by solubles from bran, germ, malted grains, or malt, it is sug¬ 
gested that the usual softening of dough produced by their presence or 
addition may be due, in part, to their effects upon the pentosans. 
Conversely, the most pronounced gel reaction should be obtained from 
well milled flours from sound wheat of less than full extraction. 

There has been presented evidence that the insoluble pentosans 
are deposited or adsorbed upon the surfaces of the starch granules. If 
this is the case, it may explain why raw starch is resistant to the action 
of amylases. The insoluble pentosan layer may need to be penetrated 
before the starch itself can be attacked. This also might account for 
the rapid attack of amylase upon broken starch granules. 
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Summary and Conclusions 

Flour contains approximately 1% of water-soluble pentosans that 
will form an irreversible gel upon reaction with certain oxidizing agents 
used as dough improvers. 

A method of preparing the water-soluble pentosans of flour in high 
purity has been described. 

The properties of the purified pentosans in respect to viscosity, 
gelling reaction, and the effect of enzymes have been shown to cor¬ 
respond to the same properties of flour extracts of high concentration. 

Temperature change and addition of glutathione will produce ef¬ 
fects on purified pentosan solutions that are similar to their effects 
upon doughs. 

The gelling reaction and viscosities of soluble pentosans are much 
altered by extracts of malt, wheat germ, and wheat bran, but are little 
affected by many other dough ingredients. This may be a reason for 
the superior performance of well-milled refined flour from sound wheat 
in bread making. 

The above characteristics of soluble pentosans suggest that they 
play an important role in controlling dough properties. 

The insoluble pentosans of flour are largely associated with starch 
and are found in amounts proportional to the surface of the starch. 
This suggests a coating of insoluble pentosan on starch which may 
account for many of its properties and its behavior toward enzymes. 
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ABILITY OF THE GLASS ELECTRODE TO DETERMINE THE 
TRUE pH VALUE OF BREAD DOUGHS 

J. H. Lanning 

Continental Baking Co., Jamaica, New York 
(Received for publication September 14. 1942) 

In recent years the glass electrode, used in conjunction with 
vacuum-tube amplifiers, has become an accepted and widely used 
instrument for the determination of pH values. Its ability to give 
in moderately alkaline or acid solutions results closely agreeing with 
those of the hydrogen electrode has been verified by numerous ob¬ 
servers. In making such determinations, it is only necessary to place 
the electrode in the solution which is then bridged directly to the 
calomel electrode. No stirring is necessary, no chemicals are added, 
and equilibrium is reached very quickly. From this simple procedure 
it is only a step further to insert the electrode into pastes, doughs, 
batters, or other semisolid substances. The development of sensitive 
vacuum-tube amplifiers, with their negligible current drain, allows the 
use of electrodes with sufficiently thick glass membranes to withstand 
the strain imposed upon them by such procedures. 

The glass electrode was used by Landis (1934), Lanning (1936), 
and Shellenberger and Catlan (1938) to measure the pH values of 
fermenting doughs. However, none of these investigators offered 
appreciable data to show that the voltage of a glass electrode would 
be the same for a dough and a solution of like pH value. Landis 
presented data to show that the glass electrode when list'd in ferment¬ 
ing doughs gave values which agreed roughly with those of the ball 
quinhydrone electrode of Whittier and (irewe (1929). These investi¬ 
gators mixed quinhydrone with small amounts of the material being 
tested and then added sufficient water so that it could be formed into 
a ball. This ball was pressed around a gold electrode, which was then 
coupled *o a calomel cell. An extract of the material tested was also 
made and its pH value determined with the Bailey hydrogen electrode 
and the capillary quinhydrone electrode. The results obtained with 
the ball method and the extraction method were not strictly com¬ 
parable because of the dilution factor. 

In order to obtain more definite information regarding the behavior 
of the glass electrode in doughs and solutions of like pH value, the 
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writer devised a method for comparing them. It is based on the 
assumption that if solid particles such as those of flour are suspended 
in a solution of a given pH value, the particles and the solution will 
equalize to the same pH value. If this is true or sufficiently true for 
practical purposes, then one could make a suspension of flour and 
water and after allowing time for equilibrium to be reached, the flour 
could be centrifuged from the water so as to form a dough in the 
bottom of the centrifuge cup. The pH value of the dough thus formed 
could then be directly compared with that of the supernatant liquid 
using the same electrode for both purposes. In this manner a direct 
comparison of the dough and solution would be made, and any appre¬ 
ciable variation in values might be attributed to differences of electrode 
action in the two mediums. 


Experimental 

The glass electrode used consisted of a thin membrane of Corning 
No. 015 glass sealed on the end of a piece of soft laboratory glass 
tubing approximately 10 mm in diameter and 110 mm long. The 
membrane was made and attached in the manner described below. 
A very thin-walled bulb was blown on the end of a piece of 5 mm 
No. 015 glass tubing. This bulb was of such thickness that the glass 
would spring slightly when touched with the finger. One end of the 
piece of soft laboratory glass tubing was heated in a gas flame until 
the hole was reduced to a diameter of about 5 mm. The end while 
still hot was pressed slowly into the glass bulb. The glass bulb 
readily sealed on the end of the hot tube and the excess glass was then 
broken off. If the tube was deformed when pressed through the glass 
bulb, this deformation usually indicated that the glass w r all of the bulb 
w r as too thick. The outside of the tube w r as then coated with paraffin 
wax to within about one-half inch of the end on which the membrane 
was attached. 

A calomel half cell wxis used for the internal electrode. Its con¬ 
struction was as follows: The bodv of the electrode was made from a 
piece of soft glass tubing 4 mm in diameter and about 100 mm long. 
One end was sealed off and the other end flared to a diameter of about 
9 mm. A hole was blown in the side of the tube at a distance of 
about 20 mm from the closed end. A piece of platinum wire was then 
run through a small piece of capillary tubing about 40 mm long. 
A capillary melting point tube is satisfactory for this purpose, or the 
tube may be made by simply drawing out a piece of ordinary labora¬ 
tory glass tubing. Kacli end of the tube was sealed and the wire cut 
so that about 2 mm of it projected at each seal. This tube was 
dropped into the prepared 4-mm tube. The 4-mm tube was then 
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sealed by heating in a, gas flame at a point just above its side opening. 
The platinum wire projecting above the seal was covered with mer¬ 
cury into which a copper wire dipped for external connection. Pure 
mercury was inserted into the lower end of the tube through the 
small hole in its side until the lower end of the platinum wire was 
covered. A little 0.17V HC1 was introduced through the side open¬ 
ing and then sufficient calomel to form a layer about 4 mm in depth 
over the mercury. The tube was then filled through the side opening 
with 0.17V HC1. 



The tube carrying the glass membrane was filled with 0.17V IIC1 
to such a depth that when the inner cell was inserted in it the side 
opening would be immersed in the HC1 solution. In order to have 
the voltage remain constant, it was found necessary to move the 
inner electrode up and down several times a day so as to stir the HC1 
solution. After this stirring, the potential would sometimes vary from 
normal but in a few minutes would return to its normal value. The 
electrode was mounted on a support similar to that described by 
Lanning (1936). It was frequently calibrated with buffers of known 
pH values. A diagram of the assembled glass electrode is shown in 
Figure 1. 
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The glass electrode potentials were measured on a type K poten¬ 
tiometer, with a vacuum tube amplifier used as null point indicator. 
The circuit of this vacuum tube amplifier was similar to that described 
by Ellis and Kiehl (1933) and Landis (1934). The circuit was modi¬ 
fied so as to use three Type 32 tubes instead of four Type 33 tubes 
as shown in the original writings. The use of these tubes greatly 
increased the stability of the circuit. The apparatus when used with 
the glass electrode herein described would indicate a potential differ¬ 
ence of 0.2 millivolt when a galvanometer of 22 microamperes per scale 
division in sensitivity was used in the output stage of the amplifier. 

In order to obtain dough and liquid from the same suspension for 
a comparison of their pH values, a series of suspensions was prepared 
from each kind of flour that was tested. One of these was prepared 
for each pH level that was used by mixing together, by means of a 
small electric stirrer, 30 g of flour, 100 ml of water, and the necessary 
alkali or acid to adjust the suspension to the desired pH value. After 
thorough mixing, each suspension was transferred to a 4-ounce glass- 
stoppered bottle and shaken occasionally. After standing at least 
45 minutes, a 50-ml portion of each suspension was poured into a 
centrifuge tube and whirled at about 1800 rpm for 10 minutes. The 
flour accumulated in the bottom of the tube as a fairly firm dough. 
The supernatant liquid was poured off and its pH value determined 
by means of the glass electrode. With a spatula the dough was next 
removed from the bottom of the centrifuge tube and placed on a small 
watch glass. The excess surface liquid and the softer portion of the 
dough were scraped away from the more solid portion. With a sharp 
nizor blade a cut was made directly through the firm part of the 
dough, with care taken to keep any remaining surface liquid from 
contacting the freshly cut surface. The dough was then pulled apart 
at the cut, and the membrane of the glass electrode, after being wet 
with a drop of water, was placed directly on the freshly cut surface. 

Wetting of the electrode greatly inhibited the sticking of dough to 
it and reduced to a minimum the possibility of breakage from that 
cause. The dough was next bridged to the reference electrode b\ T 
means of a saturated potassium chloride agar bridge, one end of which 
was inserted directly into the dough and the other end into a small 
connecting vessel filled with saturated potassium chloride solution, 
into which dipped the side arm of the external reference electrode. 
Readings were taken after one minute intervals except in the more 
alkaline range, where longer periods were necessary to obtain reason¬ 
ably stable voltages. 

Values obtained with patent flours milled from hard winter wheat 
and hard spring wheat are shown in Table I. These flours had an 
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ash content of 0.40% and a protein content of 11.9% and 11.5%, 
respectively. Several other flours were tested at the pH level that 
was naturally obtained without the addition of acid or alkali. These 
findings did not reveal anything different from those reported in 
Table I, so the results of the tests were not tabulated. 

TABLE I 

pH Values of Doughs and Extracts Obtained from Like Suspensions 


Ml of 0 1 V 
reagent 

Flour milled from hard spring wheat 

Flour milled from hard winter wheat 

pH value of 
solution 

pH value 
of dough 

Difference 

pll value ot 
solution 

pH value 
of dough 

Difference 

6 HC1 

4.68 

4.78 

0.10 

4.67 

4.79 

0 12 

4 HC1 

5.03 

5.14 

0.11 

4.98 

5.09 

0.11 

2 HC1 

5.48 

5.60 

0.12 

5.40 

5.52 

0.12 

0 

5.87 

5.95 

0.08 

5.79 

5.87 

0.08 

2 NaOH 

6.25 

6.29 

0.04 

6.18 

6.23 

0.05 

4 NaOH 

6.63 

6.59 

— 0.04 

6.71 

6.69 

-0.02 

6 NaOH 

7.26 

7.23 

-0.03 

7.23 

7.18 

-0.05 

8 NaOH 

7.95 

7.88 

-0.07 

8.00 

7.95 

-0.05 


Discussion 

The results in Table I show that the maximum difference in pH 
values between solutions and doughs from the same suspensions did 
not exceed 0.12 pH unit over the range of pH values covered. At first 
sight this appears to be a rather large error. However, it should be 
remembered that the older methods involved the extraction of a dough 
with water, which entailed a loss of carbon dioxide and a dilution of 
the acid components of the dough. In the ball quinhydrone method, 
considerable manipulation of the dough was also necessary to knead 
the quinhydrone into -it. It is probable that the manipulations in 
these methods introduced more error into the final results than the 
0.12 pH difference which may exist, according to these data, in the 
glass electrode method. 

A further study of the data indicates that the differences shown 
may not be due entirely to inability of the electrode to determine 
correctly the pH value of the dough. It should be noted that in the 
vicinity of pH 6.4 the pH values of the solution and dough are in good 
agreement. This value may represent the isoelectric point of the 
gluten, or in othei words it may be the point where the gluten acts 
neither as an acid nor as a base. The tendency of the gluten salt 
formed by the addition of an acid or a base would be to hydrolyze 
back to the original value—the pH value of the isoelectric point— 
unless it was prevented from so doing by the presence of an excess of 
acid or base. Since the pH value of the original solution would then 
be governed by the equilibrium established between the acid or alkali 
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of the solution and the gluten of the suspended flour particles, it is 
probable that if the ratio of gluten to solution were changed, some 
change in pH might be expected. Such a change in concentration 
was, of course, effected in the dough formed by centrifugence. If such 
a change in pH occurred, one would expect the difference between the 
pH value of the centrifuged extract and that of the residual dough to 
be at a minimum at the isoelectric point of the gluten and to become 
greater as the pH value of the suspension was varied from that point. 
The data in Table I indicate that such a condition did exist. 

From the data it may be concluded that the pH value of a dough 
when determined directly with the glass electrode is at least within 
0.12 pH unit of the true value between pH values of 4.68 and 7.95. 
The differences noted appeared to be quite constant at the various 
pH values at which they were determined and a correction table could 
readily be made. However, since as before stated there is reason to 
believe that the differences may actually be true differences of pH 
value and not an electrode error, the writer does not believe that it 
would be desirable to make such corrections and so would recommend 
accepting the values given by the glass electrode when determining 
the pH value of dough. 

Summary 

The construction of a glass electrode suitable for use in doughs has 
been described. 

Its accuracy was verified bv determining the pH value of doughs 
and solutions centrifuged from flour suspensions adjusted to various 
pH levels. 

The maximum difference encountered was 0.12 pH unit, which 
difference was obtained in the more acid solutions. 

It was noted that the apparent error became greater as the pH 
value of the solution was farther removed from what appeared to be 
the isoelectric point of the gluten. 
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EFFECT OF MOISTURE ON THE PHYSICAL AND OTHER 
PROPERTIES OF WHEAT. III. DEGREE, DURATION, 
AND NUMBER OF WETTING TREATMENTS 1 

C. O. Swanson 

Kansas Agricultural Experiment Station, Manhattan, Kansas 
(Received for publication September 4, 1942) 

The work reported in this paper is a continuation of that previously 
reported (Swanson, 1941), and it involves similar procedures of wetting, 
drying, and subsequent testing. The main objectives of the current 
studies were to determine the effects of the following factors: (1) dura¬ 
tion in days of the wetting period, together with the amounts of 
wetting; (2) increasing and decreasing the amount of wetting, the 
grain being dried between wettings; and (3) comparison of the effects 
of wetting Tenmarq and Chiefkan. 

For the work under (1) and (2), Tenmarq wheat harvested from 
the general field on the Agronomy farm at the Kansas Agricultural 
Experiment Station was used. This was threshed from shocks and 
the wheat had not been exposed to any wetting by rains after it was 
ripe. For the Tenmarq and Chiefkan comparisons (3) there were 
made available by the Kansas Wheat Improvement Association one 
sample of each variety from the crop of 1940, and also one sample of 
each variety from the crop of 1941. None of these samples had been 
exposed to rain after maturity as far as could be judged by appearance. 

Effect of Amounts and Duration of Wetting Objective 1 

Wheat samples for wetting and drying treatments weighed 1800 
grams each, providing 1500 grams for milling, and one sample each for 
grain judging, for internal texture counts, and for reserve. For this 
work 38 samples were prepared and placed in gallon bottles. These 
were then divided into seven groups of five each, with three checks in 
which the moisture was 11%. No water was added to the checks but 
was added to five bottles of each group so as to have moisture percent¬ 
ages of 14, 17, 20, 23, and 26 for each group. The previous test (Swan¬ 
son, 1941) had indicated that wetting up to 26% in steps of 3% was 
sufficient for the purposes. The weighed wheat portions were placed 
in the bottles and wetted at the same time. Six groups of bottles, each 
having the five moisture levels with the two checks, were subjected to 
the laboratory temperature during July; and the seventh group, with 
bottles at each moisture level with one check, was kept for six days in a 
cold storage room at a temperature of about 45°F. Of those wetted 

* Contribution No 91, Department of Milling Industry. 
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and retained in the laboratory one group of five bottles, having one 
bottle at each one of the moisture levels, was emptied after one day, 
another group after two days, and so on up to six days. The seventh 
group, which had been in cold storage, was also emptied at the end of 
the sixth day. 

TABLE I 

Test Weights of Wheat as Affected by Amount and Duration of Wetting 
and Temperature during Wetting 


Moisture to which wetted 

Before drying 

Dried 

Days wetted 

Avei- 

age 

Days wetted 

Aver¬ 

age 

1 

6 

6 ! 
at 

45 c i J 

1 

1 

6 

i 

6 

at 

45°F 

% 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

11 check 

59.6 

59 5 

59.2 

59.51 

59.5 

59.3 

59.5 

59.44 

14 

55.7 

56.2 

56.5 

56.20 

56.6 

57.1 

57.2 i 

56.97 

17 

53.1 

53.6 

54.0 

53 41 

55.5 

56.0 

56.0 

55.71 

20 

50.8 

51.4 

51.0 

50.80 

55.1 

55.1 

54.8 

54.69 

23 

49.2 

49.7 

49.7 

49 53 

54.3 

54.4 

54.7 

54.09 

26 

48.6 

49.1 

49.2 

48.87 

53.7 

53.9 

53.2 

53.17 

Decrease: 









Total 

11.0 

10.4 

10.0 

10.64 

5.8 

5.8 

6.3 

6.27 

Av for each percentage 

0.73 

0.69 

0.67 

0.71 

0.39 

0.39 

0.42 

0.42 


C leaned 

Scoured 


Days wetted 


Days wetted 


Moisture to which wetted 













A\ er- 




Aver- 




6 

age 



6 

age 


1 

6 

at 


1 

6 

at 





45°F 




45°F 


V< 

lbs 

lbs 

lbs 

lbs 

lbs 

tbs 

lbs , 

lbs 

11 t heck 

59.6 

59.4 

59.4 

59.51 

62.2 

61.9 

62.0 

62.03 

14 

57.3 

57.6 

57.6 

57.56 

60.9 

60.9 

60.9 

61.00 

17 

56.2 

56.5 

56.7 

56.53 

60.1 

59.8 

60.4 

60.00 

20 

55.8 

55.8 

55.7 

55.57 

59.5 

59.4 

59.5 

59.30 

23 

55.3 

54.9 

55.7 

55.04 

59.0 

56.7 

59.5 

58.60 

26 

54.8 

54.7 

54.8 

54.47 

56.7 

58.7 

58.7 

58.20 

Decrease: 


| 







Total 

4.8 

47 • 

4.6 

5.04 

5.5 

3.2 

3.3 

3.83 

Av for each percentage 

0.32 

0.11 

0.31 

0.34 

i 

0.37 

0.21 

0.22 

0.26 


Effect on test weight: The test weight of the wet wheat was ob¬ 
tained as soon as it was poured from a bottle. The wheat was then 
placed in shallow paper boxes and exposed until air-dry. Since the 
amount of wheat put into the bottle was known, it was a simple matter 
to determine when the wheat was dried near to the original 11% 
moisture. The test weight was then obtained on the redried wheat and 
samples were taken for milling, grain judging, and internal texture 
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counts. Immediately before milling, the test weights were retaken 
after the samples had passed through the laboratory cleaner. The test 
weights were also taken after scouring. An examination of the com¬ 
plete data showed that there was no significant trend in the test-weight 
data obtained from 1, 2, 3, 4, 5, and 6 days of wetting in the laboratory. 
In Table I are shown the test weights obtained after 1 and 6 days of 
wetting in the laboratory and the 6 days of wetting at 45°F. The 
figures in the “average” columns are based on the data for all groups 
kept in the laboratory and include the samples stored 6 days at 45°F. 

The duration of the time of wetting apparently affected the test 
weight only slightly, probably because the maximum swelling takes 
place during the first day and after that there is little change. The 
effects of storage at the 45°F temperature differed but little from the 
laboratory temperature effects. 

Decrease in test weight caused by wetting: Decreases in test weights 
for each additional 3% of wetting were greater for the smaller amounts 
of wetting than for the larger as shown in Table II. Those data were 

TABLE II 

Progressivl Decriasfs in Ti-st Weic.ih pfr 1% Incri mints in Wati r 

l SI D IN V\ L TTINCf 


Moisture to 
which wetted 

Decteases in test weights 

Wet 

Dry 

( leaned 

Scoured 


lbs 

lbs 

lbs 

lbs 

14 

3.31 

2.47 

1.95 

1 0* 

17 

2.79 

l 26 

1.03 

1 00 

20 

2 61 

1 02 

0.96 

0 70 

23 

1.27 

0.60 

0 53 

0.70 

26 

0.66 

0.92 

0.57 

0.40 

Total 

10.64 

6.27 

5 04 

3.83 


obtained by subtracting each average figure in the last column of 
Table I from the preceding average. The greatest decrease occurred 
between 11% and 14% moisture and for each additional 3% increment, 
the proportionate decreases in test weight were smaller. The decreases 
result from two factors: swelling of the kernel as a whole and loosening 
and roughening of the bran coat. The latter factor impedes the sliding 
of the kernels on each other, resulting in less dense packing. The outer 
layers of bran arc distended by wetting, causing the kernels to occupy 
more space. The removal of the loosened bran coat by scouring in¬ 
creases the test weights. The differential decreases for each 3% in¬ 
crease in wetting were less for the dry than for the wet, and progres¬ 
sively less for the cleaned and scoured. 
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Increase in test weight from drying , cleaning , and scouring: The in¬ 
creases in test weights of the samples from different treatments are 
shown in Table III. These data were obtained by computing the dif¬ 
ferences in test weights after drying, cleaning, and scouring. The 
increases in test weights after drying were due to loss of water which 
has approximately two-thirds the specific gravity of the dry substance 
in wheat (specific gravity about 1.48). The larger specific gravity in 
the dry matter of wheat as compared with water explains not only the 
differences between the test weights of the wheat before and after dry¬ 
ing, but also why the differences are larger with the higher percentages 


TABLE III 

Increasf in Test Weight Obtained by Drying, by Cleaning and by Scouring 


Moistuie to which 
wheat was wetted 


Increases from 


Wet to 
dry 

Dry to 
cleaned 

Cleaned to 
scoured 

Vo 

lbs 

lbs 

lbs 

11 

-0.07 

0.07 

2.52 

14 

0 77 

0 59 

3 44 

17 

2.30 

0.82 

3.47 

20 

3.89 

0.88 

3.73 

2\ 

4.56 

0 95 

3.56 

26 

4.30 

1.30 

3.73 


of moisture. Most of the increase in test weight after cleaning was 
due to removal of some outside bran which had been loosened by the 
wetting, and since there was more loosening by greater percentages of 
wotting, there was an increased trend. The increases in test weights 
obtained after scouring were almost uniform, starting with the 14% 
wetting. The variability due to amounts of wetting was in the loosest 
bran removed in cleaning; the amount removed in scouring was the 
same for little or much wetting. 

Flour yield , percentage of ash , and wheat grade: The flour yields 
were computed in percentages of the weights of the cleaned samples. 
The complete data on flour yields and ash indicated no definite trend 
for the different lengths of wetting or temperature variations; hence 
only the data for 1 and 6 days in the laboratory and 6 days at 45°F, 
as well as the averages of all the data, are given in Table IV. The 
wheat grades were determined by Martin Schuler of the Kansas City 
office of the Federal Grain Inspection Department, using the test 
weights as submitted and small samples. Neither the duration of the 
wetting period, the temperature, nor the amount of moisture added 
influenced the flour yields. The average test weight of the wheat 
wetted to 26% and redried decreased from 59.44 to 53.17, bu*^ this 
decrease of 6.27 pounds in test weight did not proportionately in- 
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fluence the Aour yield (Table II). The ash percentages show an 
increasing trend, which was a little larger for the samples kept in the 
laboratory than for those kept at 45°F. The bran apparently became 
slightly more brittle as a result of the prolonged wetting. 

The complete data on wheat grades showed that they were affected 
only by the amount of wetting and not by the duration or by the stor¬ 
age temperature, and hence only the average grades are given in Table 
IV. The amount of wetting was the important factor because of its 
inAuence on test weight. 


TABLE IV 

Flour Yield, Ash Percentage, and Grade as Affected by Amount, Duration 
and Temperature of Wetting (Air-Dry) 


Moisture to 
which 
wetted 

Days wetted 

Averages 

Grades 

1 

6 

6 at 45°F 

Yield 

Ash 

Yield 

Ash 

Yield 

Ash 

Yield 

Ash 

f o 

% 

% 

<1 

% 

trr 

% 


% 


11 

71.5 

.467 

69.8 

.509 

69.5 

.509 

70.73 

.485 

2 DHW 

14 

71.8 

.483 

71.8 

.486 

70.5 

.551 

71.00 

.498 

3 DHW 

17 

72.4 

.482 

70.9 

.492 

71.3 

.477 

70.86 

.487 

3 DHW 

20 

70.6 

.489 

72.5 

.501 

69.9 

.479 

70 99 

.506 

3 DHW 

23 

73.3 

.493 

72.2 

.577 

70.9 

.509 

71.93 

.528 

4 DHW 

26 

71.1 

.518 

72.3 

.580 

73.2 

.533 

72.44 

.562 

4 DHW 

Av 

71.75 

.489 

71.58 

.524 

70.88 

.509 

71.33 

.511 

— 


Effect upon internal texture of duration and temperature of wetting: 
A barley kernel cutter, used in the previous investigations (Swanson, 
1941), was used in studying the internal texture of the grain. It is 
not difficult to differentiate the sections of the kernels, which were 
clearly vitreous or plainly mealy or chalky. Those which represent 
transition from vitreous to mealy are designated as semivitreous. 
These had various degrees of mealiness or vitreousness bpt a closer 
differentiation than the one given did not seem to be warranted. The 
complete data showed no pronounced trend with the duration of wet¬ 
ting or of temperature and hence only the Agures for the one day, six 
days in laboratory, six days at 45°F, and the averages of all the data 
are given in Table V. 

The/e was a slightly greater decrease in the vitreous as well as an 
increase in the mealy condition in the samples stored 6 days in the 
laboratory over those stored 1 day, but 6 days at 45°F had only a little 
less effect than 1 day in the laboratory. The amount of wetting was 
the principal factor affecting the texture. The 3% increase in moisture 
from 11% to 14% did not produce changes as large as the subsequent 
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3% additions. The moisture at 14% is apparently only enough to 
cause a small amount of internal change in the endosperm. However, 
as shown in Table II, the increase in moisture from 11% to 14% pro¬ 
duced notably greater changes in test weight than did the subsequent 
3% additions. 

Small additions of moisture to drv wheat seem to affect mostly the 
bran and ha\e small effect on the internal structure. The structure is 

I ABLE V 

Inurnal H-xn Rr as An i cn d by \mouni of Wfiting, Storagf Tfmpi rature 
AND DtRAIION or WrilING 


Da>s wetted 


Moisture 

to whu h 1 o 

wettid I 



\ itrrous 

Sennvitreousj 

Mealy 

\ itreous 

1 Semi v itreous | 

| 1 

Meal> 

c 



t i 

<- 

t 

‘c 1 

\ 

11 

97 

1 1 

2 

98 

2 

0 

14 

95 

1 1 

2 1 

94 

2 

4 

17 

82 

11 

5 

74 

20 

6 

20 

41 

42 

15 

14 

49 

17 

21 

22 

56 

)) 

15 

52 | 

31 

26 

9 

49 

42 

6 

39 , 

55 




Dav** witud 



Moisture 







to whx h 


o it 4*> u r 





YM tttd 



j 





\ itieous 

| ^emiMtu on** 

1 

Mi d\ | 

V ItTtOU*' 

| Nemiv itieou"| 

Meal) 

i 

11 

1 99 

V 

1 

0 

97 6 

1 n | 

( 

c 

1 1 

14 

96 

2 

2 

94 7 

i * ? 1 

20 

17 

91 

i s I 

4 

81 1 

140 , 

49 

20 

56 

1 16 I 

8 

40 4 

4S 1 

14 5 

21 

24 

1 1 

24 

1 18 7 

1 511 1 

28 0 

26 

18 

l -14 

18 

120 

47 7 

40 1 


I 


not affected unless the moisture is sufficient to cause internal displace¬ 
ments or an expanding of the internal endosperm structure b\ the 
absorbed water The adhesive forces are so strong that the water 
molecules are spread as adsorbed Livers over the surfaces of the starch 
granules and the protein material This will require more space for 
these materials and hence cause swelling The absorbed water has 
such a vapor pressure that as soon as the kernels are exposed to air of a 
relative humidity comparable to that at which the wheat was originally 
dried, evaporation will take place until ail the added water has dis¬ 
appeared. The structural relationship of the protein molecules and 
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the starch granules does not return to the former compact condition, 
however, leaving vacuoles large enough to influence the manner of light 
reflection, which causes a mealy appearance somewhat similar to that 
of compressed flour. 

Effect of duration and amount of wetting upon mixogram charac¬ 
teristics: Mixograms were made from the flours milled from the wheat 
samples wetted to the various percentages as indicated in Table I and 
for the various periods. These mixograms were measured for the five 
characteristics given by Swanson and Johnson (1943). No definite 
trend was produced by either the duration or the temperature. Hence 
only the averages for the various moisture percentages are given in 
Table VI. With an increase in the amount of wetting, there was an 


TABLE VI 

Effect of Wetting to Various Moisture Percentages 
on the Five Mixogram Characteristics 


Moisture to 
which wetted 

Time of 
development 

Height 

Development 

angle 

Tolerance 

angle 

Weakening 

angle 

% 

mm 

units 

deg 

deg 

deg 

11 

3.4 

63 

46 


26 

14 

3.5 

64 

45 


29 

17 

3.5 

66 

45 


31 

20 

4.5 

64 

38 

m 

29 

23 

4.5 

62 

36 

117 

27 

26 

4.7 

62 

34 

120 

25 


increase in the time of development, a slight decrease in the height, a 
decrease in the angle of development and increase in the angle of toler¬ 
ance, and a slight decrease in the weakening angle. These trends are 
in the direction which indicate damaged samples, but in these the 
changes had only gone far enough to age the wheat with consequent 
improvement. 

Baking results as affected by amounts and duration of wetting and 
storage temperatures: The baking was limited to two check samples and 
to those samples which had been wetted to 14%, 20%, and 26%. The 
data obtained are given in Table VII. The baking formula used was: 

Flour 100 grams Shortening 3 grams 

Sugar 6 grams Potassium bromate 3 milligrams 

Salt 1H grams 

7>ry milk 4 grams Absorption and mixing time determined 

by protein % and mixograms 

There is some indication that the 5 and 6 days’ wetting period in the 
laboratory caused some deterioration. For the shorter periods the 
large amounts of wetting seem to have been beneficial rather than detri¬ 
mental. Thus the largest loaf volumes were obtained from wetting 
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to 26% for 2, 3, and 4 days but longer periods reduced the volumes. 
Storing at 4S°F seemed to have but little effect since the loaf volumes 
for the 11%, 20%, and 26% wetting were nearly the same. The 
textures and crumb colors do not show any definite trends. A few 
determinations were made of the maltose values, but they showed no 
consistent trend. 


TABLE VII 

Baking Results as Affected by Amount and Duration of 
Wetting and Storage Temperatures 


Days 

wetted 

Moisture 

content 

Flour 

protein 

Wheat 

grade 

Baking 

Loaf vol 

Texture 

Crumb color 


% 

% 


cc 

% 

! % 

1 

11 

11.9 

2 DHW 

855 

85-0 

85 c-y 

1 

14 

12.1 

3 DHW 

873 

84-0 

85 c-y 

1 

20 

11.4 

4 HW 

853 

84-0 

84 c-y 

1 

26 

12.0 

5 HW 

883 

84-0 

i 85 c-y 

2 

14 

12.0 

3 DHW 

835 

84-0 

85 c-y 

2 

20 

12.0 

4 DHW 

835 

81-0 

85 c-y 

2 

26 

12.0 

5 HW 

930 

83-0 

85 c-y 

3 

14 

12.1 

3 DHW 

807 

! 84-0 

83 c-y 

3 

20 

12.2 

4 HW 

863 

84-0 

83 c-y 

3 

26 

12.2 

5 DHW 

883 

85-0 

84 c-y 

4 

14 

12.2 

3 DHW 

873 

84-0 

85 c-y 

4 

20 

12.0 

4 DHW 

835 

83-0 

83 c-y 

4 

26 

12.2 

5 HW 

912 

84-0 

84 c-y 

5 

11 

12.2 

2 DHW ! 

875 

84-0 

84 c-y 

5 

14 

12.2 

3 DHW 

905 

83-0 

85 c-y 

5 

20 

12 1 

4 DHW 

860 

78-0 

80 c-y 

5 

26 

12.1 

5 DHW 

858 

80-0 

84 c-y 

6 

14 

12.1 

3 DHW 

805 

82-0 

82 c-y 

6 

20 

12.0 

4 DHW 

883 

83-0 

84 c-y 

6 

26 

12.2 

5 DHW 

860 

87-0 

87 c-y 




Samples stored at 45°F 


6 

11 

12.1 i 

2 DHW 

838 i 

83-0 

84 c-v 

6 

14 

12.0 

3 DHW 

818 

84-0 

82 c-y 

6 

20 

12.1 

4 DHW 

838 

84-0 

82 c-y 

6 

26 

12.2 

5 DHW 

833 

83-0 

82 c-y 


Effects of Varying the Amounts and Number of Times of 
Wetting —Objective 2 

Effects of progressively increasing the moisture percentage and the 
number of times wetted, and progressively decreasing the amounts and 
the numbers of wettings, but drying after each wetting were deter¬ 
mined. The general plan can be seen from the following: 
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Increasing the percentage of moisture and number of times wetted 

Wetted 
to % 


11 Check 

Wetted 








14 Dry 

to% 


Wetted 






14 Drv 

17 

Drv 

to% 


Wetted 




14 Dry 

17 

Dry 

20 

Drv 

to % 


Wetted 


14 Drv 

17 

Dry 

20 

Drv 

23 

Drv 

to % 


14 Drv 

17 

Drv 

20 

Drv 

23 

Dry 

26 

Dry 

Decreasing the percentage of moisture but increasing the 

numlier of times wetted 

26 Dry 









26 Drv 

23 

Drv 







26 Drv 

23 

Drv 

20 

Drv 





26 Dry 

23 

Drv 

20 

Drv 

17 

Dry 



26 Dry 

23 

Dry 

20 

Dry 

17 

Dry 

14 

Drv 


At the start the five samples in the first group were wetted to 14% and 
five in the second group to 26%. After drying, one in each group 
received no further treatment hut the other four were rewetted in the 
first group to 17% and the other four in the second to 23%. This was 
continued according to the above scheme. The test weights, flour 
yields, ash percentages, grading, and internal texture percentages arc 
given in Table VIII. 


TABLE VIII 

Effect of Yar\in<» thf. Amounts and Timi s or Wetting 


Moisture to 
which wetted 

; 

Test 

weights 

dry 

Flour 
y lcld 

\^h 

Commercial grading 

Internal texture 

Grade 

Vitreous 

Vitreous 

Semi- 
\ itreous 

Mealv 

7r 

lbs 

<' 

1 0 


(/ c 

% 

e> 

< | 

(t 
t 

11 (check) 

59.8 

69.3 

.479 

2 DHW 

90.0 

95 

2 

3 

14 

56.8 

70.7 

478 

3 DHW 

89.0 

95 

3 

2 

14, 17 

55.5 

70.8 

.487 

4 DHW 

85.0 

91 

5 

4 

14, 17, 20 

54.8 

71.7 

.488 

4 DHW 

8L0 

55 

34 

11 

14, 17, 20, 23 

54.1 

72.0 

.495 

4 DHW 

78.0 

29 

47 

24 

14, 17, 20, 23, 26 

53.1 

73.1 

.559 

5 HW 

62.0 

12 

53 

35 

26 

53.9 

71.0 1 

.508 

5 HW 

67.0 

20 

46 

34 

26, 23 

53.6 

70.8 

.506 

5 HW 

67.0 

20 

44 

36 

26, 23, 20 

53.6 

69.6 

.528 

5 HW 

50.0 

16 

48 

36 

26, 23, 20, 17 

53.6 

70.6 

.519 

5 HW 

70.0 

14 

50 

36 

26, 23, 20, 17, 14 

54.4' 

70.1 

.521 

4 HW 

72.0 

23 

50 

27 


1 Hus sample was unintentionally refined moie than the others. 


The amount to which the wheat was wetted had a much greater 
influence on the test weight than the number of wettings. The sam¬ 
ples that were wetted the first time to 26% had very little further reduc¬ 
tion in test weight by wetting several times more to lower percentages, 
while those wetted to 14% at the start had to be wetted four times more 
and up to 26% before the maximum reduction in test weight was 
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reached. It is evident that when wheat has once been wetted so as to 
cause maximum or near maximum amount of swelling, subsequent 
smaller wettings will have but little or no additional effect. In a pre¬ 
vious study (Swanson, 1939) it was noticed that the same increases in 
moisture did not produce equal amounts of lowering in test weights. 
The moisture history of the wheats used in that study was not known 
and apparently some wheats had previously been wetted much more 
than others. 

The commercial grading correlates with the test weights, but flour 
yields do not, as shown in the preceding tables. The ash percentages 
indicate fair uniformity of milling. The internal texture percentages 
indicate a gradual decrease of the vitreous and increase in the mealy 
condition, when the amounts of wetting were gradually increased, but 
when the amount of wetting was at the maximum at first very little 
further change in internal texture occurred as a result of additional 
wettings. 

Comparison of Wetting Effects on Tenmarq and Chiefkan — 

Objective 3 

Wheat samples made available by the Kansas Wheat Improvement 
Association were used in this study. Weighed portions of 1800 grams 
were wetted to the same percentages as in the preceding experiment 
on duration of wetting and then dried. This wetting and drying was 
repeated 4 times. The test weights, wheat grades, and internal texture 
percentages of the samples obtained after the fourth wetting are given 
in 'Fable IX. The decrease in test weight follows the same general 
trend as in the trials on the duration of wetting. The total decrease in 
test weight was somewhat larger for both wheats from the 1941 crop 
than from the 1940 crop. This may have been due to the differences in 
moisture history , of w hich no record was available. The total decrease 
in test weight was greater for Tenmarq than for Chiefkan in the 1940 
samples. In the 1941 samples, the decreases were slightly greater for 
Chiefkan. 

The internal-texture percentages of the wetted samples of Tenmarq 
and Chiefkan show a greater decrease in the vitreous and a larger in¬ 
crease in the mealy percentages of Tenmarq than of Chiefkan in the 
samples of the 1940 crop, thus correlating wdth the decreases in test 
weight. However, the check sample of Tenmarq had also a smaller 
percentage of vitreous kernels than that of Chiefkan. For the 1941 
samples the original condition was nearly the same and the internal 
texture counts do not show' much difference between the two varieties. 

Flout yield and percentage ash: Flour yields with ash percentages are 
given in Table X. From the figures in Table IX and those in Table X 
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TABLE IX 

Test Weight and Internal Texture of Tenmarq and 
Chiefkan, Each Wetted Four Times 




Tenmarq 1940 crop 



Tenmarq 1941 crop 


Moisture 











to 

which 

wetted 

1 est 
wt 

Giade 

Vit¬ 

reous 

Semi- 
v it - 
reotia 

Mealy 

Test 

wt 

Giade 

Vit¬ 

reous 

Scmi- 

V!t- j 

reous 

Mealy 

Vo 

lbs 


% 

% 

Vc 

lbs 


% 

% 

% 

11 (check) 

50.2 

2 DHW 

86 

3 

11 

59.4 

2 DHW 

98 

2 

0 

14 

57.0 

3 DHW 

73 

16 

11 

58 0 

2 DHW 

95 

4 

1 

17 

55.8 

4 HW 

40 

48 

12 

54.7 

4 HW 

76 

12 

12 

20 

55 3 

4 HW 

17 

42 

41 

54.2 

4 HW 

33 

41 

26 

23 

54.7 

4 HW 

16 

41 

43 

53.1 

5 HW 

13 

46 

41 

26 

53.9 

5 HW 

6 

43 

51 

52 6 

5 HW 

ii 

56 

33 



Chief kan 19 JO crop 



( Inefkan 1941 crop 


Moisture 











to 











whuh 

wetted 

I est 
wt 

Grade 

Vit¬ 

reous 

i Somi- 

[ Vlt 

Mealy 

Test 

wt 

Giade 

Vit¬ 

reous 

Senu 

\ it 

Mealy 



icons 




reous 


% 

lbs 


i 

1 r 

1 tr o 

r / 
r 

lbs 


% 

O’ 

o 

1 < 

11 (chock) 

60.3 

1 DHW 

95 

1 

4 

61.8 

1 DHW 

97 

' 3 

0 

14 

58.4 

2 DHW 

90 

6 

4 

56.0 

3 DHW 

92 

4 

4 

17 

57.2 

3 DHW 

84 

4 

12 

56.8 

3 DHW 

78 

14 

8 

20 

56 6 

3 DHW 

49 

27 

24 

55 9 

4 DHW 

38 

44 

; 18 

23 

56 0 

3 HW 

41 

33 

26 

55.1 

5 HW 

13 

47 

t 40 

26 

55.6 

4 HW 

25 

36 

39 

54.5 

4 HW 

15 

48 

37 


TABLE X 

Flour Yifld and Ash oi Tenmarq and Chiei kas, Each 
Sample Wmted Four Timls 



1 eninarq 

Chiefkan 

Moisture 


! 

l 






to which 

i 1940 crop 1 

i 1941 crop 1 

! 1940 crop 

1941 

crop 

wetted 










Yield 

Ash 

Yield 

Ash 

Yield 

Ash 

Yield 

Ash 

% 

% 

% 

% 

% 

% 

% 

7, 

% 

11 (check) 

69.1 

.556 

69.8 

.491 

69.9 

.434 

69.8 

.497 

14 

69.2 

.437 

69.4 

.457 

73.0 

.446 

70.4 

.471 

17 

69.3 

.476 

70.0 

.474 

72.7 

.442 

70.1 

.465 

20 

68.9 

.436 

70.3 

.485 

71.4 

.436 

69.2 

.456 

23 

69.9 

.448 

69.6 

.532 

72.3 

.439 

70.1 

.469 

26 

70 1 

.465 

72.1 

.580 

71.7 

.472 

70.0 

.480 

Av 

69.4 

470 

70.07 

.503 

71.83 

.445 

69.3 

.473 


it is apparent that the flour yields were not decreased with the lowering 
in test weights. For the 1940 crop the test weights of the Chiefkan 
samples were higher than Tenmarq and the flour yields were also 
higher. For the 1941 crop the test weights of the Chiefkan samples 
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TABLE XI 

Averages of Mixograms Obtained on Samples of Tenmarq and 
Chiefkan Wetted to the Amounts Given 


Moisture to 
which wetted 

Time of 
development 

Height 

Development 

angle 

Tolerance 

angle 

Weakening 

angle 

% 

min 

units 

deg 

deg 

deg 


TENMARQ 


11 

3.3 

64 

40 

118 

23 

14 

3.3 

65 

37 

122 

21 

17 

3.4 

63 

37 

122 

21 

20 

3.5 

65 

36 

123 

22 

2 3 

4.0 

60 

31 

130 

19 

26 

4.0 

61 

34 

125 

22 


CHIPP KAN 


11 

1.9 

74 

64 

79 

38 

14 

2.0 

73 

62 

79 

39 

17 

1.9 

73 

64 

77 

39 

20 

2.0 

74 

64 

78 

40 

23 

2.1 

73 

60 

79 

41 

26 

2.2 

72 

58 

84 

38 


were also higher than Tenmarq, but the flour yields were nearly the 
same for both wheats. 

Mixograms of Tenmarq and Chiefkan wetted various amounts: 
Mixograms were made on the flours obtained from Tenmarq and 
Chiefkan samples wetted various amounts and the only definite trend 
observed was on the basis of amounts of wetting. Hence the measure¬ 
ments of the various curves obtained from each variety were averaged 
for each moisture percentage to which it was wetted. The averages 
are given in Table XI. 

The marked differences between Tenmarq and Chiefkan are ap¬ 
parent. The effects of wetting are similar for both wheats, however; 

TABLE XII 

Baking Results of Tenmarq, 1941 Crop, Each Sample Wetted Four Times 





Baking 


Percentages to 

Protein 




which wetted 

Loaf volume 

Texture 

Crumb color 


11 

% 

12.1 

833 

84-0 

83 c-v 

14 

12.3 

853 


85 c-y 

17 

12.0 

858 

83-0 


20 

12.0 

840 

83-0 

82 c-y 

23 

12.1 

888 


83 c-y 

26 

12.1 

917 

83-0 

84 c-y 
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both increase in time of development, decrease in the angle of develop¬ 
ment, increase in the angle of tolerance, and decrease slightly in weak¬ 
ening angle. The changes are somewhat greater for Tenmarq than for 
Chief kan. 

Baking tests: The baking results, together with flour protein of 1941 
Tenmarq samples, are given in Table XII. Each wheat sample was 
wetted four times to the percentages given. The data in Table XII 
show that the best loaves were obtained from the samples wetted the 
most, and this agrees with results presented in the preceding tables. 

Summary and Conclusions 

Results of the following studies have been presented: (1) wetting 
wheat to various percentages and prolonging the wetting period from 
1 to 6 days at laboratory temperatures and for 6 days at 4S°F; (2) 
increasing and decreasing the percentages at which wheat was wetted, 
drying between wettings; and (3) comparison of the effects of wetting 
Tenmarq and Chiefkan wheats. 

The effects of these various wettings were noted in terms of test 
weights, official grain grading, milling for flour yield, changes in internal 
texture, making mixograms (curves on the recording dough mixer), and 
baking tests on selected samples. 

The test weights decreased progressively with the increased amounts 
of wetting, but the rate of decrease was larger with the first additions 
of water than with the later. Neither the duration of storage nor the 
45°F storage temperature had any marked influence. The amount to 
which wheat was wetted had more influence on the decrease in test 
weight than the number of times wetted. The comparisons between 
Tenmarq and Chiefkan were inconclusive. 

The decrease in test weight from wetting is caused by loosening the 
bran coat and the swelling of the endosperm. Both of these cause the 
kernels to occupy more space. The swelling of the endosperm changes 
the internal texture from vitreous to semivitreous and mealy and this 
change becomes greater with the increased amounts of moisture but is 
affected very little by the duration or the 45°F temperature of wetting. 

The flour yield was not lowered by the amounts of wetting, nor by 
the duration or the 45°F storage temperature after wetting. The best 
baking results were obtained from the .samples wetted the most for 
short periods The 45°F temperature had but little effect on baking 
values at any of the levels of wetting. 

Wetting affected mixing properties of the flour. The average of 
the measurements of the mixograms showed an increase in time of 
development, a slight decrease in height, a decrease in the angle of 
development, and weakening and an increase in the angle of tolerance. 
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These trends are in the same direction as those observed in studies of 
damaged wheats, but in most of these samples the changes had not 
proceeded far enough to injure the baking results. 
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DEFATTING PROCEDURE FOR CORN STARCH 

R\lph W. Kerr 

Research Laboratories, Corn Products Refining Company, Argo, Illinois 

In a previous communication (Kerr and Trubell, 1941) a method 
was described for preparing a component of corn starch, provisionally 
called “gamma-annlose." While it was pointed out that the use of 
the procedures given for certain stated reasons did not result in a 
quantitative \ield of the amylose, one variable at least was not dis¬ 
cussed inasmuch as its significance was not fully appreciated at the 
time. It might be anticipated that by following the procedures given 
a yield of about 5% of gamma-amvlose should result. It is now known 
(T. J. Schoch, K. J. Wilson, Jr., and (\ S. Hudson, private communica¬ 
tion) that a variation in the residual fatty material in corn starch may 
cause a variation in \ield of insolubles after enzymolvsis, from possibly 
3 c / ( to as high as 10%. 

We have found that the yield of insoluble gamma-amylose obtained 
In treating corn starch with beta-am>lase varies with the fat content 
of the original starch. The results of our test are given. 

1 \BLK I 

VxKIAIION IN YlM I) Ob GaMM\- \M\LOSP WITH 1H1 FAT CONlbNT OF 1 HE STARCH 


Staich 


Fat 

\ ield ol gamma-amyloae 

Native corn starch 

Corn starch, methanol extracted 
Corn starch, methanol extracted 


0.920 

0.252 

0.190 

f , of oru.tnal starch 

10.70 

8.43 

3.75 


These comparative treatments were performed in a manner pre¬ 
viously given (Kerr and Trul>ell, 1941) using a 10% suspension of 
starch in water and preheating the suspension to 95°C for 90 minutes 



300 


DEFATTING PROCEDURE FOR CORN STARCH 


Vol. 20 


at pH 6.2 to gelatinize the starch. The percent of fat in the original 
starch was determined by the A.O.A.C. method discussed below. 

Since the recovery of unexpectedly low yields by other workers 
might cast some doubt on the principal conclusion drawn, namely that 
corn starch is heterogeneous in the sense that it contains at least two 
component amyloses, it was deemed advisable to point out this influence 
of residual fatty material. 

Accordingly, our preferred procedures are now given for defatting 
corn starch so that in subsequent treatment yields of gamma-amylose 
will be of the order of magnitude obtained by us. 

Experimental 

One kilo of corn starch at 10% moisture is shaken with 2500 ml of 
85% (by weight) methanol-water solution in a flask fitted with ground 
glass joints to a reflux condenser. The mixture is then refluxed, by 
boiling, in a steam cone for one hour. It is then filtered on a Buchner 
funnel with suction while still hot. The cake is broken up in fresh 
85% methanol, making up the volume to that of the original suspen¬ 
sion. In this manner the extraction by refluxing for one-hour periods 
is repeated three additional times. After the last filtration the cake is 
washed by suspension in three liters of water; if necessary the pH of the 
suspension is adjusted (with NH 4 OH or HO) to about pH 6.0. It is 
finally filtered and oven-dried at about 50°C. 

By such a procedure, corn starch may be reduced in fat content 
from approximately 1% to a value between 0.15% and 0.20% fat, as 
determined by the customary and convenient A.O.A.C. procedures of 
starch hydrolysis and fat recovery by solvent extraction of the hydro¬ 
lysate. If fat determinations are made by the less frequently used 
method of Sherman (1932), the defatted starch as prepared above will 
analyze approximately 0.03% fat. 

The effect of traces of fatty material (a controlling factor in the 
isolation of gamma-amylose from a conversion mixture) in altering the 
solubility and colloidal stability of components such as gamma-amylose 
is not only significant in isolation procedures designed to determine 
the composition of starch, but is also important in the chemical char¬ 
acterization of the fractions isolated. This line of study is being 
pursued further in our laboratories. 

Summary 

Procedures are given for defatting corn starch to a fat content of 
approximately 0.15% to 0.20% as determined by solvent extraction of 
fat after acid hydrolysis of the defatted starch. 
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The significance of residual fat in corn starch is discussed in relation 
to the solubility and colloidal stability of one of its components. 
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DOUGH OXIDATION AND MIXING STUDIES. V. CORRE¬ 
LATION BETWEEN PROTEASE ACTIVITY, REDUCING 
MATTER, AND OXIDIZING EFFECTS IN DOUGH 

J. Frkiuch and C. N. Frey 

The Fleischmann Laboratories, Standard Brands Incorporated, New York, N. Y. 

(Hoad at the \nnua! Meeting. May 1940) 

At least three different factors may be involved in the effects of 
oxidation in dough: (1) direct action on the gluten, (2) inhibition of 
proteolytic activity by action on the enzyme or by action on the sub¬ 
strate so as to reduce its susceptibility to enzymic degradation, and 
(3) oxidation of reducing matter. 

That all of these factors may be operative has been indicated in 
earlier papers in this series (Freilich and Frey, 1939, 1941). The first 
factor was shown as a distinct possibility when harmful “excess- 
bromate” effects were obtained after the effects of added papain had 
been completely inhibited. That the second and third factors were 
involved was shown by experiments in which the effects of added 
protease or added reducing matter were overcome by bromate or by 
mixing the doughs in oxygen. However, the relative importance of 
these factors in different flours and under different conditions remains 
to be established. 

The work presented here was undertaken with the object of making 
quantitative measurements of the relative amounts of the native pro¬ 
tease* activity and native reducing matter in different grades of flour, 
in order to see whether the values so obtained were actually correlated 
with improvements in baking value due to oxidation. Such measure¬ 
ments also presented the possibility of distinguishing between the two 
factors as to their relative importance. 

Effects of Oxidation on Loaf Volume 

Two series of flours were used. One was a group of the different 
grades of flour milled from the same Texas wheat, and the other a 
similar group of flours milled from the same Northwestern wheat. 
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Doughs made from the different flours were mixed in nitrogen and 
oxygen; doughs with added bromate were also mixed in nitrogen. The 
loaf volumes obtained in baking tests with doughs so treated are shown 
in Table I. 

The data in Table I show (1) that there were marked increases in 
volume due to oxygen and bromate, particularly with the clear and 
low-grade flours, and (2) that the volume increases were greater for 

TABLE I 

Loaf Volumes for Doughs Made from the Different Grades of Flour Milled 
from the Same Texas and Northwestern Wheats 
(Doughs mixed in nitrogen or oxygen 3 minutes; doughs with bromate mixed 
in nitrogen 3 minutes; Hobart-Swanson mixer used, modified for mixing in closed 
chamber; Freilich and Frey, 1939 ) 


Flours 

Mixed 

in 

nitrogen 

Mixed 

Mixed with 
biornate (6 mg) 
in nitrogen 

From the same Texas wheat 

u 



80*7 patent 

1170 

2000 

1980 

lOOSc straight 

1980 

2030 

2030 

15 ( ( clear 

1970 

2080 

2080 

5% low grade 

1680 

1880 

1930 

From the same Northwestern wheat 




Patent 

2010 

2070 

2030 

Straight 

2040 

2080 

2100 

Clear 

1930 

2130 

2150 

Low grade j 

1630 

1850 

1930 


the flours from the Northwestern wheat. The improvements in color 
and texture were similarly much greater with the clear and low-grade 
flours. Having thus obtained marked improvement due to oxidation 
in baking tests with these flours, we undertook the measurement of 
protease activity and reducing matter in the flours. 

Measurement of Protease Activity by Use of the Formol Titration 

That the formol titration procedure might be used to measure 
autolytic protease activity in dough was indicated by Freilich and 
Frey (1939). In that work the measurements were marie on bread 
extracts. The recent appearance on the market of the Waring Blendor, 
a high-speed stirrer capable of breaking up dough into uniform suspen¬ 
sion, made it possible' to use dough extracts directly. The procedure 
used was as follows: 120 g of dough and enough water to give a total 
volume of 400 ml were stirred in the Waring Blendor for two or three 
minutes. The resulting suspension was centrifuged, and 50-ml portions 
of the centrifuged liquid were used in making the formol titrations. 

Titrations on extiacts from a dough without yeast, made with 300 g 
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of flour, 50 mg of papain, and mixed in nitrogen, gave results as shown 
in Table II. 

The figures showed increases in formol nitrogen roughly equivalent 
to 1 ml of 0.5 N NaOH per hour. The marked differences thus ob¬ 
served indicated that much smaller differences, due to comparatively 
slight protease activity, could probably be measured with a fair degree 
of accuracy. 


TABLE II 

Formol Titrations on Extracts of Dough with Added Papain 
(No yeast in dough; phenolphthalein used as indicator) 



Formol 

(ml 0 5 .V NaOH) 

Increase m formol 
(ml 0.5 V NaOH) 

At start 

3.65 

_ 

After 5 hrs 

7 90 

4.25 

After 7J hrs 

11.30 

7.65 

After 27 hrs 

28 00 

24.35 


In making titrations with extracts of a low-grade flour, it was found 
very difficult to obtain accurate end points colorimetrically, because 
of too much color in the original extract. The use of a glass electrode 
pH meter for titrations with such extracts avoided this difficulty and 
gave much more accurate results; all subsequent titrations were there¬ 
fore made accordingly, with pH 8.5 as the end point. 

Measurement of Protease Activity in Fermenting Doughs 

Formol titrations with extracts of fermenting dough had shown 
great decreases in the formol values with increasing fermentation time. 
Phis was evidently due to the utilization of the soluble nitrogen con¬ 
stituents as food material by the actively fermenting \east. 

The effects of yeast fermentation in this respect may be illustrated 
by the following experiments: An excess of NH 4 CI was added to two 
doughs, one with and the other without yeast. Papain was added to 
both doughs. Formol titrations were made at the start, and after 


TABLE III 

Effects of Yeast on Changes in Formol Niirogfn \ndon Proteolysis in Dough 
(NH 4 CI —300 mg. Papain—20 mg per dough made with 300 g flour) 


Dough 

At htait 

Formol * 

Alter 211 hrs 

Condition ot dough 
alter 21J hrs 

Without yeast 

11.65 


18.45 

Very soft 

With 1yeast 

11.1 


3.6 

Much more fluid than 
dough with no yeast 


1 Formol figure in this and in subsequent tabulations are expressed as ml ot 0 5 V NaOH. 
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214 hours. At the end of this period it was noted that the yeast dough 
was very much more fluid than the one without yeast, but the formol 
figures showed a marked decrease in the yeast dough, and an increase 
in the one without yeast. The results are shown in Table III. 

Because of this great depletion of soluble nitrogen constituents from 
fermenting dough, it was apparent that in order to obtain formol 
figures which are comparable, the measurements should be made either 
in doughs which are not fermented, or in doughs with exactly the same 
amount of fermentation. 

Formol measurements in doughs with and without papain, in which 
increasing amounts of yeast were used, indicated that significant dif¬ 
ferences in fermenting doughs may be observed under certain condi¬ 
tions. The doughs were mixed in nitrogen, allowed to stand at 86°F 
for exactly 2 hours, at 100°F for exactly 1 hour, and were then baked 
at 410°F for 30 minutes. Formol titrations were made on extracts of 
the bread crumb. The results obtained arc shown in Table IV. 

TABLE IV 

Formol Nitrogen in Doughs with and without Papain, with 
Varying Amounts of Yeast 




Formol 



Doughs 

Doughs 

Differences in 


without 

with 20 mg 

tormol due to 

Percent yeast 

papain 

papain 

papain 


% 


0.10 

3 62 

4.47 

0.85 

0.25 

3.02 

4.10 

1.08 

0.50 

2.50 

3.51 

1.01 

1.00 

2.15 

3.15 

1 00 


These results show that there were decreases in formol with in¬ 
creasing amounts of yeast, but that the differences in formol due to 
papain remained fairly constant, regardless of the amount of yeast used. 
Table V and Figure 1 show the results of tests in which increasing 

TABLE V 

Loaf Volume and Formol Figures for Doughs with Increasing 
Amounts of Papain 

(Yeast, 11%; dough time, 2 hrs; pan proof time, 51 to 55 min) 


Papam Loaf volume Formol 


mg 

cc 


Non* 

2100 

2.35 

5 

2070 

2.57 

8 

2060 

— 

11 

2050 

— 

14 

2030 

2.95 

17 

2010 

— 

20 

1920 

3.35 
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amounts of papain were used in doughs with the same amounts of 
yeast; formol titrations were made on extracts of the bread crumb. 
From these results it is evident (1) that the effects of relatively small 



Fig 1 . Comparison between the effects of added papain on loaf volume and on the production of 
lormol nitrogen in fermented doughs 

increments of papain may be measured by the formol titration, and 
(2) that an increase in formol is correlated with a corresponding decrease 
in loaf volume. 



Fig. 2. Effects ot papain on the production of formol nitrogen in unfermented doughs. 
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Measurement of Protease Activity in Unfermenting Doughs 

To note the changes in formol in doughs without yeast, titrations 
were made on doughs with increasing amounts of papain which were 
allowed to stand overnight. The results are shown in Table VI and 
Figure 2. The increases in formol varied as the amounts of papain, 
indicating that the formol titration might be used to measure signifi¬ 
cant differences in unfermenting doughs. 

TABLE VI 

Formol Nitrogen in Unfermented Doughs with Varying Amounts of Papain 


Formol 


Papain 

Original 

\ftcr 23 his 

Increase m formol 

m 

None 

4.70 

8.65 

3.95 

5 

4.72 

9.95 

5.23 

10 

4.50 

10.00 

5.50 

20 

4.75 

10.80 

6.05 


Effects of Octyl Alcohol on Fermentation and on Protease Activity 

Because greater differences in formol were obtained when non¬ 
fermenting doughs were used (compare Tables IV and VI), and since 
difficulties due to varying rates of fermentation in different grades of 
flour might be encountered, it was decided to use doughs without yeast 
in formol titrations on the Texas and Northwestern wheat flours for 
which baking results were reported in the early part of this paper. 
The flours used were not sterilized. 

Formol titrations were made accordingly; the results, as expected, 
indicated much more protease activity in the clear and low-grade 
flours from both wheats; but, contrary to expectations based on the 
baking results, the flours from the Northwestern wheat showed smaller 
increases in formol than the Texas flours. It had been observed that 
after standing overnight the Northwestern flour doughs showed a slight 
amount of fermentation, probably due to contamination with minute 
traces of yeast; it appeared probable that the slight fermentation 
removed sufficient amounts of formol nitrogen from the doughs to 
cause the unexpected results. It therefore seemed advisable to try 
a fermentation inhibitor in the doughs. 

It had been found in the course of some other work that octyl 
alcohol retarded fermentation to a marked degree. Experiments were 
therefore conducted to observe the effects of octyl alcohol on fermenta¬ 
tion and on protease activity. Octyl alcohol was used in doughs with 
2% yeast and 50 mg of papain. The doughs were allowed to stand at 
86°F for 3 hours, then baked. Formol titrations were made on ex- 
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tracts of the bread crumb, prepared by stirring in the Waring Blendor 
and centrifuging. Fermentation rate was indicated by increase in 
dough volume. Table VII shows the results obtained. 

TABLE VII 

F.ffects of Octyl Alcohol in Doughs with 2% Yi„\sr and 
50 mg Papain per 300 g Flour 


Octyl Alcohol 


Fermentation 

Formol 

ml 

0 


Normal 

6.70 

6 


None 

15.35 

12 


None 

15 95 


The results showed (1) that 6 ml of octyl alcohol was sufficient to 
completely stop the fermentation in a dough with as much as 2% yeast, 
and (2) that octyl alcohol did not inhibit protease activity. (The low 
formol figure for no octyl alcohol is, apparently, due to the utilization of 
the formol nitrogen by the fermenting yeast.) 

Protease Activity in the Flours from the Same Texas 
and Northwestern Wheats 

With 6 ml of octvl alcohol per 300 g of flour, formol titrations were 
made on extracts of the doughs made from the Texas and Northwestern 
flours mentioned above*. No yeast was added. The doughs were 
mixed in nitrogen and allowed to stand for 24 hours at 86°F. The 
results are shown in Table VIII. 

TABLE VIII 

Formol Thru ions on l nflrmlnifd Doighs 
(300 g flour, 15 g sugar, 5 g ''alt, and 6 ml octxl alcohol used in each dough) 


Fiourv 

OtlRllldl 

AfteT 24 hrs 

tormol 

From the same Texas wheat 

80', patent 

4 51 

6 28 

1.77 

100', straight 

5 13 

7.07 

1 94 

15<; clear 

5 33 

7.99 

2.66 

5 f r low grade 

6 59 

10 02 

3.43 

From the sum’ Northwestoi n w he.it 

Patent 

4 73 

7 06 

2.33 

St raight 

5 10 

7.55 

2.45 

Clear 

5 97 

9.38 

3.41 

Low grade 

8 10 

13.41 

5.31 


The results indicated progressively greater increases in formol nitrogen 
from the higher to the lower grades of flour, for both the Texas and 
the Northwestern wheats; the original values also varied in the same 
order. 
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The formol figures also showed definitely greater protease activity 
in Northwestern than in the Texas flours. 

That there is definite correlation between the protease activity in 
the flours and the improvement in volume produced by oxidation, is 
shown in Table IX; it is evident that the greatest improvements in 
volume due to oxidation were obtained with the flours showing the 
greatest proteolytic activity. 

r\BLE IX 

Comparison iutwiin Imrt \si s in Volume nur to Oxidation and 
Incri \sls in Formol tor Difffrlnt Flours 


Increases in volume (calculated from Table I) 

I lours Due to o\\ gen Due to bromate 

Increase* in 
■ — — formol N ffroi 
Table Villj 


ml 

ml 


From the same Texas wheat 




Patent 

30 

10 

1 77 

Straight 

50 

50 

1 94 

Clear 

no 

no 

2 66 

Low grade 

200 

250 

3 43 

From the same Noithwestern 

Wheat 



Patent 

60 

20 

2 33 

Straight 

40 

60 

2 45 

Clear 

200 

220 

341 

Low grade 

220 

300 

531 


Reducing Matter in the Different Flours 

The relative values for reducing matter in these flours were deter¬ 
mined by use of an iodine titration method which has been described 
in another paper (Freilich, 1941). Table X shems the values so 
obtained. The results showed increasing amounts of reducing matter 


I \BLI X 

Rim (ino Mahj r in Difmrim Fioirs 
(Figures show ml of iodine solution taken up l>\ wattr extracts) 



I Iotir« from the name 

1 lour* from the name 


1 txas wheat 

Northwestern whe it 


Inline \ 

button (ml 0 01 V> 

Patent 

09 

09 

Straight 

1 1 

1 2 

Clear 

1 4 

l 5 

Low glade 

1 9 

35 


with decieasing flour grade, and more reducing matter in the North¬ 
western than in the Texas flours A comparison between these figures 
and those in Table IX shows that there is also a definite correlation 
between increase in volume due to oxidation and reducing matter for 
the different flours. These interrelationships are shown more clearly 
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in Figure 3, in which increases in volume are compared to reducing 
matter and to increases in formol. 

It seems apparent from Figure 3 that the correlations between 
volume increase and protease activity are similar to the correlations 



Increase In vol.- ml 


Increase in formol- 
ml NaOH 


Reducing matter- 

ml 7ioo >° dine 


Fig < ( ompiUNin^ Ix'twwti m< roaT** m lout volume due o oudutiou «bromate>, proteolytic 

at t»\ its <tv indicated l>v purlin tn»n t»l tt»tmol nttn»g< n m dough- and rediu inn nutter lor the different 
grades of dour milled horn the Mine I cxu*» and Northwestern wheats Flour Grades -patent (p), 
straight tst i v lear ul h low grade <1 g ) 


between volume increase and reducing matter. The indications are 
that both factors may lx* relatively important with respect to improve¬ 
ment in baking value due to the use of oxygen or oxidizing agents. 


Discussion 

On the basis of more recent work, Laitinen and Sullivan (1941) and 
Baker, Barker, and Mize (1942) emphasize the theory of direct action 
on the gluten, and are inclined to disregard or minimize other factors; 
the former go so far as to say that the proteolytic enzyme theory seems 
untenable. 

There seems to be little doubt that the protease theory dews not 
give the whole picture, yet in view of our own and other results, this 
tendency to discard it entirely appears unjustified. Proteolysis doubt¬ 
less does have some influence, even though its contribution may not 
l>e a major one. 
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It is probable that no one theory is sufficient in itself; consequently 
work concerning the other factors involved is certainly necessary and 
worthwhile. The presentation of new theories emphasizes the need for 
evaluating the different factors on a quantitative basis. 

Summary 

The different grades of flour milled from the same Texas and North¬ 
western wheats were compared in baking tests in which the doughs were 
mixed in nitrogen and oxygen; doughs with added bromate, mixed in 
nitrogen, were also included. 

The autol>tic protease activity in these flours was measured by a 
formol titration method, with a glass electrode pH meter and titration 
to pH 8.5. 

Significant differences in formol nitrogen due to added papain were 
obtained in both fermenting and unfermented doughs. 

Octyl alcohol was found to inhibit fermentation without retarding 
protease activity. 

Reducing matter in the different flours was determined by the use 
of an iodine titration method. 

Protease activity and reducing matter were found to be of greatest 
magnitude in the lower grades of flour. 

Definite correlations were found between: (1) improvement in 
volume due to oxygen or bromate and increases in formol nitrogen in 
the different grades of flour, (2) improvement in volume due to o\\gen 
or bromate and reducing matter in the different grades of flour, and 
(3) reducing matter and protease activity in the different grades of 
flour. These results indicated that both reducing matter and protease 
activity must be considered important factors in their influence on 
the baking quality of flour. 
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REPORT OF 1941-42 COMMITTEE ON METHODS OF 
TESTING CAKE FLOUR 

J. W. Montzhkimer, Chairman 

Centennial Flouring Mills Co., Spokane, Washington 
(Read at the Annual Meeting, May 1942) 

The project this year was a continuation of collaborative work 
carried on by this committee during the past few years in an attempt 
to determine the type of information that may be obtained by the use 
of the A.A.C.C. cake formula and its supplements. This year a com¬ 
parison has been made of the sugar tolerances of different cake flours, 
baked by the A.A.C.C. formula and a commercial type of formula with 
emulsified shortening. The three flours were analyzed as follows: 


1 

| Moisture j 

Protein 

Ash 

pH 

h, cake flour 

■ " ; 

11‘ 0 

7.6 

r* 

0.33 

4.8 

F, cake flour 

10 7 

6.84 

0.34 

4.9 

L, fan< \ clear 

11 . 

0.23 

0.55 

5.0 


The first two flours, K and F, were commercially milled cake flours, 
while the third was a fancy clear taken from cake flour. All were 
rebolted to a fine, even texture and bleached to a satisfactory pH. 

Both finer and loaf cakes were baked, by the A.A.C.C. basic 
formula and also with a sugar supplement of 120% as compared with 
flour, and a sugar supplement of 130% as compared with flour. The 
follow itig commercial-tN pe formula was chosen for making comparisons: 


Flour 

260 grants 

Salt 

10 grams 

Su^ar 

260 “ 

Milk 

230 “ 

Shortening (emulsified' 

130 “ 

Kgg whites 

170 “ 

Baking powder 

16 “ 



The same three flours were baked b> this formula, then with a sugar 
supplement of 125% as compared with flour and finally with a sugar 
supplement of 150% ns compared with flour. We found it necessary 
to use a larger sugar supplement in order to test the limits of tolerance 
of the flours in the presence of emulsified shortening. 

Figure 1 shows the loaf cakes baked w r ith the three flours by the 
A.A.C.C. formula with supplements. This picture illustrates very 
plainly the tolerance of the flours for sugar in the A.A.C.C. formula. 
Figure 2 shows results with the same flours in the commercial formula 
and indicates that the same flours responded to the increase in sugar in 

1 'I hit* year's Cuke Committee was composed ot W. E Stokea, R Mitchell. D. Wade. L. Armstrong. 
W. V. Van Sioyk. A, J King, II V. Moan, and 11. K. Murer. 
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Fig 2. Cakes baked by the commercial formula 


TABLE I 

Averages of Collaborators for Flour E 


Formula 

Sugar 

1 

Type 

Specific 
gravity of 
batter 

Specific 
volume of ! 
c ake 

Volume 

Score 

; 

A.A.C.C. 

i r 

r 

96 

Laver 

.904 

2.89 i 

Ci 

989 

82.7 



Loaf 

.904 

2.83 | 

802 

86 

A.A.C.C. 

120 

Lav er 

i .85! 

2.81 

974 ! 

83.1 



Loaf 

.851 

1 2.62 

750 ! 

82.2 

A.A.C.C. 

130 i 

Layer 

.891 

2 51 ! 

848 

69 



Loaf 

891 

2 23 

660 

67.7 

Rich type 

100 

Layer 

.94 

3.09 

1013 

84 



Loaf 

.94 

2.86 | 

755 

86.2 

Rich type 

125 

Layer 

.956 

3.03 

1007 

87.7 



Loaf 

.956 

2.82 

843 

88 

Rich type 

150 

Layer 

.977 

2.76 ! 

901 

72 



Loaf 

.977 

2.47 

664 

70 


Uj NJ to 
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much the same manner as they did in the A.A.C C. formula. Table 
I gives the actual averages of the collaborators for flour E. A drop in 
grade from 86 to 67 as the sugar was increased represents the collabo¬ 
rators’ scores on the decrease in cake quality as illustrated in Figure 1. 
Table II shows the averages of the collaborators for flour F. F showed 
more tolerance for sugar than E. Table III gives the averages for 
flour L. 

TXBLE II 

\VIRAGIS Of Coi LABORATORS TOR FLOUR F 


I or mu la 



Spet tfic 

Srx ufic 




Sugu 

i m 

gravity of 

volume of 

Volume 

Score 

Grade 



batter 

iak< 





'r 




<r 



\ \cc 

96 

I i\cr 

818 

2 79 

1032 

86 

2~f 



I oaf 

818 

2 79 

800 

89 

2 + 

wet 

120 

Layer 

869 

2 86 

986 

87 3 

1 



Loaf 

869 

2 71 

767 

89 5 

1 

wre 

no 

Law i 

879 

2 77 

947 

82 

1 



I oaf 

879 

2 48 

709 

83 

1 

Rich t\pc 

100 

L iw i 

965 

3 02 

1012 

87 4 

2 


I oaf 

965 

2 82 

752 

87 

2 

Huh type 

125 

I aw r 

989 

3 11 

1015 

87 7 

i 


I oil 

989 

2 93 

771 

88 5 

1 

Rich t\pc 

no 

1 IWI 

1 00 

2 91 

971 

83 

1 


Lo if 

1 00 

2 73 

782 

82 1 

1 




I \!U I 

III 





\\I R V<»I s Of 

( Ol l ABORUORS fOR Fl Ol R 

L 





Spt t ihi 

Spe< ific 


~~ 1 


I until! i 

SuK»r 

rwx 

(si o lt% ( t 

\ ofum? of 

V ofuiTK 

‘More 

Grade 

! 

butt r 

take 




~ i 

\ \ ( t 1 

96 

1 aw i 

80 

2 71 

r< 

947 

74 3 

3 

1 


I Olf 

8*4 

2 15 

758 

76 5 

3 

\ \ ( ( 

120 

I iw r 

881 

261 

918 

738 

3 



1 oil 

854 

2 45 

721 

74 2 

3 

\ \t t 

1 >0 

1 iw r 

871 

2 40 

851 

69 8 

3 



1 Orff 

S7 

2 O 

664 

65 7 


Rich t\ pi 

100 

1 iw r 

9 35 

2 79 

989 

76 ! 

1 3 


Loif 

9 IS 

2 82 

758 

76 7 

1 3 

Rich type j 

125 

1 iw r 

965 

2 92 

965 

76 

3 


Lott 

<>6S 

2 66 

719 

77 7 

3 

Rt(h type ( 

no 

1 aw i 

9S6 

2 66 

892 

70 

I 3 


I ait 

956 

2 37 

635 

68 

3 


It is the opinion of the Committee that the A \ C C formula may 
be used for prophesy mg the sugar tolerance of a cake flour m different 
types of founulas when the piopei supplements for sugar are used. In 
our opinion, this paiticular series showed more marked difference With 
the A.A.C.C. formula than w r ith the commercial t\pe of formula 




REPORT OF THE 1941-42 COMMITTEE ON TESTING 
BISCUIT AND CRACKER FLOURS 

W. H. Hanson, Chairman 

Commercial Milling Co., Detroit, Michigan 
(Read at the Annual Meeting, May 1942) 

The recommendations submitted by the 1940-41 committee indi¬ 
cated an urgent need for further collaborative cooky test bakes with the 
formula and procedure proposed by Alexander (1933). A survey of 
the recommendations offered by collaborators indicated that the 
original formula should be modified to give greater sensitivity and 
sharper differentiation among Hours. It was therefore suggested that a 
few minor changes be made in the formula, and that laboratory inves¬ 
tigations of baking procedures along these lines be given further con¬ 
sideration. Almost without exception, each member expressed a belief 
that the test is suitable and informative for the evaluating of cooky¬ 
making properties of soft winter wheat flours. 

The preliminary work of the 1941- 42 committee was to modify the 
cooky test formula, and to eliminate one or more of the ingredients 
which have been heretofore added so as to provide a relatively easy 
and informative test. As a result of this preliminary study, many 
worth-while recommendations wen* made which would not alter appre¬ 
ciably the formula or procedure used the previous year. At a group 
meeting of the committee, it was suggested by Miss Pearl Brown that 
the whole eggs be eliminated from the cooky test formula. This sug¬ 
gestion was based on the fact that eggs constitute a variable not easily 
controlled as to uniformity. Cooky bakes were therefore made with¬ 
out this ingredient, and each member reported favorably on the change. 

Other features recommended as a result of the preliminary study 
were as follows: (1) that the amount of Hour used in the formula should 
be computed on a 13.5% moisture basis, (2) that additional distilled 
water approximating 75% of total egg weight be added, (3) that all 
members use the same tyi>e and granularity of sugar, and (4) that 
ammonium bicarbonate be substituted for ammonium carbonate. 

It was suggested that study this y ear be devoted exclusively to flours 
milled from the white wheat varieties, as these are usually recognized 
as preferred 'x^ky types. Our study is therefore representative of 
those geographical areas in which the low-protein, low-viscosity flours 
are usually milled. It was the opinion of some of the members that 
even w'ithin the white wheat varieties the spread potentialities of the 
flours would vary considerably. Instructions to the mills supplying 
these flours was in accordance with the usual specifications, 0.41 to 

314 
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0.42% ash, 7.50 to 8.00% protein, and a maximum viscosity of 35° 
MacMichael as determined by the no-time method for unbleached 
flours of 100% extraction. 


Purpose of Study 

Our study was made primarily to evaluate apparent differences in 
flours all milled from the white wheat varieties by cooky test bakes, 
and to determine which flour had the greatest spread potentialities 
from the calculated “spread-factor” results, and also to check the 
possible effect of granulation or particle size on the spread behavior. 
A statement on the cooky test formula and procedure, inspection 
records, and ingredients was included with the flour samples sent to 
collaborators. 


Flour Characteristics 

The four flours selected are referred to as A, B, C, and D, the an¬ 
alyst's of which are shown in Table I. The formula and procedure are 
shown in 'fable II. 
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IABLK II 




Lutokuom (\>ok\ 

'Ilsr \M> PROCIDIRI FoRMILA 


Ingredients 

Gram-. 

Flour basis 


Flour (unblrat bed) 1 

224 0 


100 00 


Baker's special sugar 

130.0 


58.04 


Ihdrogonated lat * 

64 0 


28.57 


Salt 

2.1 


0.93 


ScKlittni bicarbonate 

2 5 


1.12 


DistilItnj water * 

10.5 


8.75 


\imuomurn bitarbouate 

0 5 


0.22 


Skim milk suspension 4 

40.0 


17.85 


* ll 4 k flow, basis IU‘, tnonduie 

* Spi y at 75°F 

* Approximately 75 4 \ ol total egg weight 

* 26 2 got apiuy powdered nkim milk dissolved m 150 ct dutilled water 
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Procedure 

The laboratory procedure was as follows: Cream sugar, shortener, 
and soda three minutes, cutting down after each minute (Kitchen Aid 
Model G, second speed 128 rpm or equivalent). Dissolve salt and 
ammonium bicarbonate in the skim milk suspension, and add to this 
the distilled water. Add this milk suspension during 1 minute in low- 
speed (62 rpm on Kitchen Aid, or equivalent). Scrape down. Mix 1 
minute in second speed. Add whole quantity of flour, mix for 2 
minutes in low speed, cutting down after each half minute. 

Place small handfuls of batter at 6 well spaced points on a cooky 
sheet so that the cookies when cut will be about 2 inches apart. Make 
sure that each handful of batter is coherent, and not composed of dif¬ 
ferent scraps pressed together, as this latter practice tends to produce 
imperfect cookies. Lay wooden strips 7 mm in thickness along each 
side of the cooky sheet, and roll the batter out with a rolling pin to 
this height. Cut a cooky in the center of each piece with the cutter 
provided (60 mm diameter). Remove scrap and discard, leaving the 
cookies in place ready to be baked. 

Bake cookies at 400°F for 10 minutes. On removal from the oven 
immediately lift the cookies from pan to cooling rack or absorbent pa¬ 
per. After 30 minutes from the oven, compute the spread factor WIT, 
Thickness can best be measured by piling 6 atop one another, and 
averaging the height. The average diameter should be obtained b\ 
making two measurements, the major and minor axes of each cooky. 
The spread factor WjT should be computed, W being the average 
diameter and T the average thickness. The greater this factor the 
more spread possessed by the cookies. 


TABLE III 

Calculatid Spri*\d Factor or Fiocr SrRii s 


Flour 

! 


( oiiubor<>tor 



Rank of 
flour 

No 1 

No l 

No 3 

No 4 

No 5 

No 6 

No 7 | 

A I 

8.97 ! 

9 37 

8 04 

8.30 

8.275 

8.87 

7.13 

1 

B 1 

8.81 1 

8 27 

7.69 

7.80 

8.168 

8.31 

6.28 

3 

C ! 

8.00 1 

7.39 

6.75 

7.20 

7.472 

7.52 

5.57 

4 

D 

8.87 

10.23 

7 87 

8.17 

8.254 

8.48 

6.35 

: 

2 


^ he results of the calculated spread factors submitted by the col¬ 
laborators seem important in that very good agreement is shown in the 
order of rank of the series, from the greatest to the least spread. 
This differentiation between almost identical flours is progressively 
better in many respects than that reported by the committee of last 
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year. The study indicates variations in the spread potentialities of 
flours all milled from the white wheat varieties grown in various 
localities of the United States. Seemingly important is the fact that 
the cooky bakes did not correlate with the analyses, especially the 
viscosity. This is shown by flour A, which had the highest viscosity, 
but which gave the greatest spread. Differences noted in the spread 
factor between flours B and C are due entirely to differences in the 
grinding and bolting operations in milling. 



8,87 8*33 7#52 8.48 

i. 

I ig 1 C alculjited sprtacl t u tor it suit* with ct>okie\ 

higurt 1 shows tin icsults obtained l>\ the cook\ test of the four 
flours selected Comparing the iclative height of the cookies, it is 
apparent that flour \ ga\c tin greater spread, while flour C gave the 
pcxirest Hours B and I) ga\c approximate^ the same calculated 
spnad factor 

Recommendations 

Ihe committee momnunds that lurther laborator\ tests be made 
with the ccK)k\ formula and procedure, and that some consideration be 
given to other t\pes of shortenings, and to variations in baking times 
and temperatures It is also recommended that the committee devote 
another uar to a studv of the same flouis milled from wheats of the 
new cyop. 
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INVESTIGATION OF A DEATH BY ASPHYXIATION IN 
A GRAIN ELEVATOR BIN CONTAINING FLAXSEED 1 

H. A. Lille vi k and W. F. Geodes 

Division of Agricultural Biochemistry, Minnesota Agricultural Experiment Station, 
University Farm, St. Paul, Minnesota 

(Read at the Annual Meeting, May 1942) 

Early in November, 1941, the death of a Twin Cities elevator em¬ 
ployee occurred 44 hours after he had collapsed upon entering a grain 
storage bin containing flaxseed for the purpose of examining the condi¬ 
tion of the grain. The bin, a concrete interstice closed tank, had been 
filled with 262,860 pounds of flaxseed to within about 7 feet from the 
top, 58 days previously, and had remained closed until the time of the 
incident. 

The workman opened the iron cover and juni|)ed to the surface of 
the grain while a partner remained on top of the tank to assist him out 
of the bin; in a few moments he fell forward with his face buried in the 
grain. His partner, after calling for help, also jumj>ed to the surface 
of the grain and he likewise collapsed. Other elevator employees, 
equipped with ropes and safety belts, quickly removed the two men, 
the first within about ten minutes, and the second within about five 
minutes after entering the bin. Both were unconscious but the second 
man to enter the tank was still breathing and quickly regained con¬ 
sciousness. Artificial respiration soon restored the breathing of the 
first employee but, despite hospital treatment under an oxygen tent, he 
never regained consciousness and died 44 hours later. 

An autopsy was conducted. The only abnormalities noted were 
grade 2 cyanosis in the lips, slight purplish hypostasis jx>steriorly, 
marked reduction of crepitation in the lungs, the lower lobes of Vhich 
exhibited multiple nodular, palpated areas which were found to be 
hemorrhagic. A test of the blood for carbon monoxide was negative. 

Immediately after the incident, the bin was sealed and (he Division 
of Agricultural Biochemistry was requested to examine the air in the 

1 Paper No. 2020, Scientific Journal Series, Minnesota Agricultural Experiment Station. 
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bin for the presence of toxic constituents. The studies undertaken in 
this connection are reported in the present paper. 

Investigation 

The circumstances surrounding this case suggested that hydrogen 
cyanide might possibly have been responsible for the sudden collapse 
and subsequent death. The victim exhibited extreme cyanosis and 
the body was rigid upon removal from the bin. The flaxseed had 
considerable sprout damage and might have been expected to contain 
a relatively high percentage of the cyanogenetic glucoside-linamarin; 
(he high moisture content at which the seed was binned would favor 
the enzymic release of hydrogen cyanide. This hypothesis seemed to 
be strengthened when a sample of the moistened flaxseed taken from 
the bin gave a much more intense qualitative test for hydrogen cyanide 
with sodium picrate paper than a control sample of sound flaxseed. 
The first tests were accordingly directed to the determination of the 
hydrogen cyanide content of the air above and within the flaxseed. 
Picratc-paper tests and also absorption tests, in w hich several liters of 
both overseed and interseed air were aspirated through silver nitrate 
and sodium hydroxide solutions, respectively, failed to reveal the 
presence of any free hydrogen cyanide, thus eliminating this gas as a 
jxissible cause of death. 

Analyses were next undertaken to determine whether the respira¬ 
tory activity of the flaxseed had been sufficiently high to produce a 
lethal atmosphere. Gas samples were drawn from the bin at the grain 
level and also from six feet below’ the surface and analyzed for oxygen 
and carbon dioxide by means of a Haldane-Henderson apparatus. The 
atmosphere* immediately abov e the flaxseed was found to contain 1.8% 
oxygen and 11.1% carbon dioxide, while the interseed atmosphere six 
feet below the surface contained only 0.4% oxygen and 12.6 carbon 
dioxide. Since the man-hole cover of the bin had been open for some 
time during the rescue of the men and later to secure samples, the inter¬ 
seed air values are probably more nearly representative of the condition 
of the atmosphere above the grain at the time the accident occurred. 

At this stage of our investigation, the Division of Industrial Health, 
Minnesota Department of Health 2 began an independent study and 
obtained values for oxygen and carbon dioxide in close agreement with 
those*"reported alx>ve. This organization also carried out qualitative 
tests for hydrogen cyanide, arsine, phosphine, and hydrogen sulfide 
and none of these* gases w r as found to be present. However, 0.035% 
carbon monoxide was found in the overseed air by the Mines Safety 
Appliance Company carlxm monoxide indicator, and in the overseed 

3 Private communication. 



320 


INVESTIGATION OF DEATH BY ASPHYXIATION Vol. 20 


air of another tank containing flaxseed 0.020% carbon monoxide was 
found. Later, the Minnesota Industrial Commission, 2 employing a 
similar apparatus, found 0.04% carbon monoxide in the overseed 
atmosphere of the bin in which the death occurred. 

These results show quite definitely that there was an insufficient 
amount of oxygen in the tank atmosphere to sustain life, and indicate 
that the death of the workman was caused primarily by asphyxiation 
resulting from the low oxygen and high carbon dioxide content. Ordi¬ 
nary atmospheres containing 0.02% to 0.04% carbon monoxide are 
considered safe for breathing for one to two hours. 

It should be emphasized that death from anoxemia will occur much 
more rapidly when the carbon dioxide content of the oxygen-deficient 
atmosphere is high. The respiratory exchange of oxygen and carbon 
dioxide depends upon the differences in the tensions of these gases in 
the venous blood and alveolar air. When a normal atmosphere is 
breathed, the alveolar gas has a higher oxygen tension and a lower 
carbon dioxide tension than the venous blood, so that oxygen diffuses 
into the blood while carbon dioxide is lost to the alveolar air. Nor¬ 
mally, the oxygen tension of the venous blood varies between 35 and 
40 mm of mercury pressure, which corresponds to that of air containing 
from 4.6% to 5.3% oxygen at 760 mm mercury pressure. At oxygen 
contents of alveolar air below these approximate levels, oxygen will be 
transferred from the blood to the lungs. When the carbon dioxide 
concentration in the alveolar air is above normal, the carbon dioxide 
content of the blood is increased, thereby stimulating the respiratory 
center which controls the rate of respiration. As a consequence of the 
increased rate of breathing, the loss of oxygen from the venous blood 
to the lungs is accelerated and anoxemia occurs more rapidly than 
where breathing has been stopped as in drowning. While an increase 
in the amount of carbon dioxide inhaled produces an increased rate of 
breathing, Jacobs (1941) points out that high concentrations paralyze 
the respiratory center, resulting in asphyxiation and death. According 
to this author, 2% carbon dioxide in otherwise normal air increases the 
lung ventilation 50%; 3% causes a 300% increase' and breathing is 
laborious: 10% can be endured only for a few minutes; while with 12% 
to 15% unconsciousness rapidly occurs and death may take place. 

In the atmosphere of the flaxseed bin, the deficiency in oxygen was 
accompanied b> a toxic percentage of carbon dioxide. Either of these 
could, in itself, cause death. 

This case is not an isolated one. Yearsley (1921) has reported the 
death of an employee of a Utah milling company under very similar 
circumstances. The workman collapsed when he entered a covered 
concrete tank which had been filled with damp barley (15% moisture) 



May, 1943 


H. A. LILLEVIK AND W. F. GEDDES 


32 i 


for 68 days. A second employee attempted to rescue him but also 
collapsed. Removal of the men from the bin was effected by the fire 
department, the first within about 12 minutes and the second within 8 
to 9 minutes of the time they entered the bin. The former was dead 
but the second survived after being unconscious for 3 to 4 hours and 
suffering a loss of memory for 5 days. An analysis of the air showed 
3.5% oxygen and 12.6% carbon dioxide. 

Two additional cases were cited by Price, Roethe, and Bradshaw 
(1937); in one, two men were asphyxiated when they entered a steel 
bin filled with damp kafir corn and in the other, two men lost their lives 
in a tile bin (12 X 12 feet) about half filled with damp oats. 

In view of the lethal atmosphere found in the fatal bin, it seemed of 
interest to examine the composition of the air in other closed tanks 
containing stored grain. The results, recorded in Table I, show that 
the interseed air of three of the four bins which contained flaxseed was 
markedly deficient in oxygen and high in carbon dioxide, while the 
interseed air in the four tanks containing wheat and barley was almost 
normal in comj>osition. 

Studies have revealed that the respiratory activity of grain varies 
widcl> and is influenced by both inherent and environmental factors. 
The researches of Bailey and Gurjar (1918), Bailey (1921, 1940), Cole¬ 
man, Rothgeb, and Fellows (1928), and others have demonstrated 
that the rate of respiration increase's with moisture content. At 
equivalent moisture contents, Bailey (1940) found that flaxseed had a 
much higher respiratory rate than cereal grains. This was attributed 
to the higher oil content of flaxseed. As the oil is immiscible with 
water, this results in a higher moisture content of the hydrophilic 
constituents than in cereal grains containing the same percentage of 
moisture. Cracked, shriveled, immature kernels respire more rapidly 
than sound, plump grain of the same moisture content; the presence of 
foreign material and of sprouted, frosted, or heat-damaged kernels also 
increases respiration. Other factors being equal, Bailey and Gurjar 
(1918) found that wheat respiration increased with temperature up to 
55°C, whereas an accumulation of carbon dioxide in the interseed at¬ 
mosphere had a depressing effect. It is now quite generally recognized 
that the respiration of bacteria and molds associated with grain may 
account for a large share of the respiratory activity exhibited in storage. 
Ramstad and Geddes (1942) have recently reviewed the literature in 
this field and have reported the results of numerous experiments wdth 
soybeans which indicate that microorganisms are the primary cause 
of high respiratory rates associated with heating and other damage to 
stored soybeans. 

The lower oxygfen and higher carbon dioxide content of the inter- 
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seed air of the fatal bin, as compared with that of the other tanks con¬ 
taining flaxseed, suggested that conditions existed in this bin which 
were favorable to a high respiratory rate. Accordingly, it seemed 
desirable to carry out analytical studies on samples of flaxseed drawn 
from the four bins listed in Table I. Subsamples were also submitted 
to the Minneapolis office of the Grain and Seed Division, Agricultural 
Marketing Service, for the determination of grade and to the Minne¬ 
sota State Seed Testing Laboratory for germination tests. The chemi¬ 
cal studies included determinations of moisture, total nitrogen, com¬ 
bined hydrogen cyanide, oil content, iodine value, fat acidity, and 
respiratory activity. 

Moisture content was determined by the two-stage vacuum oven 
method as described by Ramstad and Geddes (1942), total nitrogen 
and fat acidity as outlined in Cereal Laboratory Methods (4th ed., 
1941), and total hydrogen cyanide formed by hydrolysis of the cyano- 
genetic glucosides present in the seed was determined by the alkaline 
titration method of the American Association of Official Agricultural 
Chemists (1940). Oil content was determined by extracting two-gram 
samples with petroleum ether (Skellysolve F) in Butt tube extractors; 
after two hours extraction the samples were reground with sand and 
the extraction continued overnight. The solvent was evaporated on a 
steam bath and the oil weighed after drying in vacuo at 100°C for 
30 minutes. Iodine numbers were calculated from the refractive 
indices of the petroleum-ether-extracted oils determined with a Zeiss 
dipping-type refractometer, using the regression equation of Zeleny 
and Coleman (1937). Respiratory activity of the unground samples 
was determined by the method described by Ramstad and Geddes 
(1942), which involves measurement of the total carbon dioxide- re¬ 
spired after incubation of a suitable weight of the sample for 4 days 
at 37.8°C (100°F). Certain of the chemical tests were repeated with 
samples from which all foreign material had been removed prior to 
grinding. 

The results of these studies are summarized in Table II. The rate 
of respiration of the flaxseed from the fatal bin (No. 407) was over five 
times that of any of the other samples; this flaxseed had the lowest test 
weight, the highest percentage of dockage, the highest moisture con¬ 
tent, and was of low germinating capacity. The State Seed Testing 
Laboratory reported only 29.8% of sound seed present in the sample 
from the fatal bin and 25.4% of seed showing sprout damage or a total 
purity of 55.2%. The impurities comprised chaff, dirt, broken seed, 
sprouts, cotyledons, oats, barley, and 4.2% weed seeds (yellow foxtail, 
green foxtail, wild mustard, Indian mustard, wild rose, wild buckwheat, 
lady’s thumb, Pennsylvania smart weed, pale smart weed, lamb’s 
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quarter, ragweed, large-seeded false flax, barnyard grass). The dry 
matter composition of the cleaned flaxseed from the fatal bin did not 
differ greatly from that of the other samples, although it was the lowest 
in cyanogenetic glucoside content and in iodine value and was the 
highest in fat acidity. The very high fat acidities of the uncleaned 
seed from bins No. 407 and 204 are worthy of note; Zeleny and Coleman 
(1938) and others have pointed out that fat acidity increases with 
deterioration on storage. 

Before the fatal bin was emptied, interseed air samples were taken 
at 9-foot intervals throughout the entire depth of the bin. This was 
accomplished by driving ten-foot sections of l^-inch pipe, connected 
with couplings, into the flaxseed and withdrawing gas samples by 
connecting a sample tube and vacuum pump to the upper end of the 
pipe. The ovvgen and carbon dioxide contents of these samples are 
represented graphically in Figure 1. The composition of the interseed 



GRAIN DEPTH,FEET 

Fig. 1. Oxygen and carbon dioxide content ot interseed air at various depths in the lata! bin 

air w r as relatively constant to a depth of 33 feet, while the samples at 
successively greater depths showed a progressive increase in oxygen 
and decrease in carbon dioxide content until at the bottom of the bin, 
the analysis of the interseed air approached that of normal air. 

This result was most surprising and eight samples were taken from 
the conveyors during various stages in the emptying of the bin in order 
to ascertain whether variations in the amount of foreign material or in 
moisture content would serve to explain the differences noted in inter¬ 
seed air. The dockage ranged from 8% to 12%, test weight from 41 
to 43 pounds per bushel, and moisture content from 9.1 to 10.5%. 
These differences do not appear to be sufficiently great to account for 
the wide differences noted in the composition of the interseed air. It 
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should be noted, however, that the dockage and moisture contents of 
these samples were lower than the values given in Table II for the 
sample taken, of necessity, from the top of the bin. The maximum 
temperature of the flaxseed observed during the emptying of the bin 
was 78°F. 

TABLE II 

Comp\raiivi Dai\ on Fuxslkd Svmplds 



1 j 

1 Bin No 

! 10 * 1 

Bin No 
204 

Bm No 
409 

Bin No. 1 
407 

Grain and Seed Division, Agricultural Marketing 
Service 





C. S. Grade 

No. 1 

Sample 

Sample 

Sample 

Dockage, % 

6 

10 

i 13 

29 

Moisture content (I'ag-lleppenstall) % 

8.2 

9.3 

I 9.2 

12.4 

Weight per bushel, lbs 

50 

44 

! 

32 

Minnesota State Seed Iesting Laboratory 




Germination, % 

88 

19 

52 

35 

Chemical anal>ses of flaxseed* 





Moisture, % 

7.8 

7 9 

8 1 

9.2 

lotal nitrogen, % 

4.1 

4 1 

4.0 

4.0 

Combined HCW, nu> HC\ pei 100 ^ 





Cm leaned seed 

1 15.6 

16.2 

16.4 

14.7 

Cleaned seed 

18.8 

16.5 

18.0 

16.1 

Oil content, % 

1 




1 neleuned set'll 

38.8 

39.3 

36.5 

31.2 

Cleaned seed 

Iodine \ alue of oil 

1 40.4 

! 

41.6 

40.0 

40.4 

Cm leaned seed 

1 171.7 

160.4 

163.7 

139.0 

Cleaned seed 

Fat acidity, g KOH per 100 £ 

I neleaned seed 

176.5 

! 

171.1 ! 

i 

173.4 

170.8 

1.03 

2.99 

1.78 

3.22 

Cleaned seed 

0.19 

0.35 i 

0.35 

0.37 

Respiration, mg CO^/IOO g<24 hr 
Composition of interseed air in Inn (six feet below 

! L4 

5.3 ; 

2.5 1 

26.8 

surface) 





0\>gen, % 

19.3 

8.3 ! 

10.1 

0.4 

Carlxm dioxide, % 

0.5 

9.0 

3.3 

12.6 


1 Bin in whi<h death cniurrfd 

* \naly tual faults art* expressed on a dry matter basis. 


Portions of the samples taken during the emptying of the fatal bin 
were submitted to the Division of Plant Pathology for examination. 
The flaxseed was found to be unusually heavily infected with bacteria 
and fungi and the flora was different from that generally found. Pre¬ 
vious examinations marie of flaxseed over a number of years indicated 
that Alternaria was by far the most common organism present al¬ 
though Fusarium , 1 leiminthosportum and Colletotrichum were fre¬ 
quently found. The predominating fungi in the current samples, 
however, were species of Aspergillus , Penicillium , and Chaeiomium , 
whereas Alternarium , llelminthosporium and Fusarium were rare. 
Other fungi present were species of Mucor , Rhizopus , Sordaria , Monilia , 
and three unidentified. In general, the fungi were of a saprophytic 
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type. No attempt was made to identify the bacteria but at least five 
species were represented, none of which was capable of growing under 
anaerobic conditions. 

Discussion 

The lethal atmosphere in the fatal bin was the combined result of 
several factors favoring a low oxygen and high carbon dioxide content. 
Sound flaxseed has been shown to possess a higher inherent rate of 
respiration than the cereal grains. The flaxseed in question was above 
average moisture content, was of sample grade as a result of sprout 
damage, and contained a high percentage of dockage. These condi¬ 
tions are conducive to high respiratory rates. Moreover, the seed was 
of low germinating capacity and it is well known that dead organic 
material is more easily attacked by microorganisms than viable grain. 
Bacteria and saprophytic fungi were found in great abundance; the 
seed had been carried over from the previous crop year so that plenty 
of opportunity was provided for their multiplication on the favorable 
substrate. The very high respiration of the flaxseed from the fatal 
bin was undoubtedly due mainly to the respiratory activity of micro¬ 
organisms. These conditions, coupled with the fact that the bin was 
nearly filled and had remained closed for several weeks, favored the 
development of a lethal atmosphere over the seed. 

While the inherent respiration of flaxseed is higher than that of 
cereal grains, death by asphyxiation has been reported when workmen 
entered bins containing barley, corn, or oats stored at high moisture 
contents. Precautions should accordingly always be taken to ascer¬ 
tain whether the atmosphere over stored grain is safe before workmen 
are permitted to enter. The atmosphere may be convenient 1> tested 
by lowering a small animal or a fowl into the bin. If a lethal atmos¬ 
phere is present the worker should be provided with a supplied-air 
type of respirator, such as a hosemask, or preferably the tank should bo 
thoroughly ventilated and the atmosphere again tested to insure that 
the ventilation has been adequate. 

It must be emphasized that canister masks are designed to remove 
certain toxic materials and are obviously of no value in atmospheres 
where there is insufficient oxygen to sustain life. With reference to 
ventilation, it must be recalled that carbon dioxide, being heavier than 
air, tends* to form a blanket over the grain and it is necessary to disperse 
this by circulation of the air over the grain in order to secure efficient 
ventilation in a reasonably short time. Finally, accidents of this t> pe 
may be avoided by adopting the rule that under no circumstances 
should anyone enter a grain tank without wearing a safety-belt and 
having a second persou available on the outside to pull the individual 
out in case of trouble. 
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The variations in the composition of the interseed air at different 
depths in the bin indicate that some aeration is taking place even in 
closed bins; it is logical to anticipate considerable movement of the 
interseed air as a result of convection currents set up by variations in 
the temperature of the grain in different portions of the bin. Evidence 
that ventilation occurs in the bulk storage of soybeans has recently 
been obtained by Ramstad and Geddes (1942). These workers also 
reported the presence of traces of carbon monoxide in the interseed air 
of soybeans undergoing heating but no studies were undertaken on the 
mechanism of its production. 


Summary 

Respiratory activity of 4700 bushels of slightly heating, sample 
grade flaxseed containing about 9.0% moisture upon storage in an 
interstice, closed, grain-elevator bin filled to within 7 feet of the top for 
58 days resulted in the death of an elevator employee. Upon entering 
the bin, the employee collapsed and although removed within about 
10 minutes and given prompt oxygen treatment, death resulted 44 hours 
later. 

The air immediately above the flaxseed contained 1.8% oxygen and 
11.1% carbon dioxide, while a sample drawn six feet within the flaxseed 
contained 0.4% oxvgen and 12.6% carbon dioxide. Interseed air com¬ 
position was uniforml} low in owgen and high in carbon dioxide con¬ 
tent to a depth of about 33 feet in the grain; at greater depths there 
was a progressive increase in o\\gen and decrease in carbon dioxide. 
A sample of intersecd air collected a few inches from the bottom of the 
bin contained 19.8% oxygen and 0.7% carbon dioxide. No free hydro¬ 
gen cyanide was found but traces of carbon monoxide (0.02 %-0.04%) 
wen* detected in an independent investigation conducted by the Min¬ 
nesota Department of Health. 

Flaxseed from the top of tin* bin had a test weight of 32 pounds per 
bushel and contained 29%, dockage. The sample contained 25.4% 
flaxseed showing sprout damage and gave only 35%> germination. 
Respirutorx activity of tin* uneleaned sample was 5 to 20 times greater 
and the fat acidity considerably higher than that of other flaxseed 
undergoing storage in the same elevator. Oil content was similar but 
oil iodine value and combined hvdrogen cyanide were somewhat lower 
in the cleaned seed from the fatal bin, as compared with other samples. 

Bacteria and saproph) tic fungi were found in abundance and are 
believed to be res|>onsible for the abnormally high respiratory activity 
of the seed front the fatal bin. 

Precautions are outlined for preventing the accidental asphyxiation 
of workmen entering grain tanks. 
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THE MANGANESE CONTENT OF BREAD 
AND WHEAT PRODUCTS 

Charles Hoffman, T. R. Schweitzer, and (»\ston Dalby 

Ward Baking Company, New York, N. Y. 

(Received for publication October 5. 1942) 

Commercial^ it is often Imjmrtant to know the degree of extraction 
of the flour from which a loaf of bread is made. Crumb color and 
thiamin and iron contents are indicative to some extent. In an en¬ 
riched loaf, however, since in most cases thiamin and iron have been 
added, some other factor in addition to crumb color is necessary if the 
ash of the flour is to be reasonably well estimated. Experiments in 
this laboratory show that the manganese content of a loaf of bread 
serves as an indicator of the degree of extraction of the flour used in 
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making the loaf. The fact that manganese varies with the ash of a 
flour has been known for some time; for example Albizzati (1936) 
studied the manganese content of flour in the Argentine and found a 
definite relationship of manganese to ash. 

The manganese content of bread is also of interest from the nutri¬ 
tional point of view. It is thought that our diets are adequate in 


TABLE I 

The Relationship of Manganese Content of Bread to *the 
Flour Used in Its Preparation 


Manganese per pound of bread 
(38 f [ mb> 

Estimated ash content of flour 
(13.5% mb) 

mg 

% 

0.9 or less 

Under 0.40 

0 9 to 1.25 

0.40 to 0.44 

1 25 to 1 9 

0 44 to 0.50 

1.9 to 2.3 

0 50 to 0.60 

2 3 or more 

Over 0.60 


TABLE II 

MaM*\NI‘SL CoNIKNI OF WHEAT 

and Wheat Products 


\»h 

Present study 

Literature 


< 

Hg'K 

g 

Wheats: 

— , 

— 

49 0 1 

Southwestern 1941 

1 280 

20.0 

— 

Southwestern 1939 

1 82 2 

43 3 

— 

Southwestern 1939 

1 601 

26.7 

— 

Southwestern 1939 

1 020 

46.6 

— 

Northwestern 1941 

1 782 

36 7 

— 

Paeihc (‘oast 1941 

1.992 

40 0 

— 

Pacific' ('oast 1941 

1 707 

36.7 

— 

Wheat pi oducts: 



126.0’ 

Bran, 10% moisture 

- 


Southwestern 

5 760 

#04 0 

— 

Northwestern 

6 430 

139 0 

— 

Red Dog, 11% moisture 

-- 

— 

— 

Southwestern 

3 030 

770 

— 

Northwestern 

2 900 

55.0 

— 

11 % moisture 

— 

— 

— 

Southwestern 

4.285 

102 0 

— 

Northwestern 

4 320 

82.0 

— 

Clears, 13% moisture 

0.80 

8.5 

1 1.4* 

Northwestern 

0 722 

— 

Northwestern 

l 312 

18.2 

— 

Southwestern 

0 944 

9.1 

— 

Patents, 13,5% moisture 

— 

— 

3.9 3 

Ash Mn* 

Southwestern 

0.433 

3.9 


Sou t hu'est ern 

0.450 

4.1 

0.40 4.1 

Northw'cstern 

0.482 

6.1 

0.44 5.3 

Northwestern 

0.438 

3.9 

0.50 6.3 

Northwestern 

0.391 

3.1 



1 Skinner and Petereon (1928). 
1 Albueati (1936). 

* Peter*on and Skmner (1931). 
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manganese since the daily requirement is probably low, but here again, 
as with other nutritional factors, the average American diet may be 
suboptimum. Peterson and Skinner (1931) state that of all classes of 
foods, the cereal grains contribute most to the manganese supply. 
McCarrison (1927) pointed out that the milling of cereals reduces the 
manganese in the diet below the safety point and favored the use of 
whole wheat bread by children because of its higher manganese content. 
Recently it has been shown that manganese is important in bone 
development, and Combs, Norris, and Heuser (1942) have suggested 
that a condition known as “slipped epiphyses” in children may be due 
at least in part to a manganese deficiency. 

As is shown in Tables I and II, the manganese content of flour is 
closely related to the ash. Our results suggest that this relationship 
holds for flours from different geographical areas as well as different 
years. Based on flour and bread analyses, the table given below is 
suggested as a guide to the ash of a flour from which a sample of bread 
was made. As far as our tests indicate, ingredients other than the 
flour contribute no significant quantities of manganese to the loaf. 

Method and Results 

Manganese was determined colorimetrically with a spectropho¬ 
tometer at 535-m/i wave length. The relationship of percentage of 
transmission to quantity of manganese is in excellent agreement with 
the Beers-Lambeth law. The spectrophotometer was calibrated with 
solutions prepared from reagent-grade potassium permanganate. Suf¬ 
ficient flour was taken, for example, to give about 400 mg of ash. The 
ash was treated with concentrated nitric acid and heated gently to dis¬ 
solve it; the contents of the crucible were then washed into a 100-ml 
volumetric flask, the solution was made up to volume and filtered. 
The first portion of the filtrate was discarded. Fifty ml of the solution 
was placed in a 100-ml flask, 5 ml of concentrated nitric acid and 0.3 g 
of potassium periodate were added, and the solution was boiled gently 
for about a half hour or until the maximum color developed. The 
solution was cooled, made up to volume, and the transmission deter¬ 
mined. The standards were treated in exactly the same way with 
both the acid and the periodate. The method of treating the ash and 
the development of the permanganate color were essentially those de¬ 
scribed by the Association of Official Agricultural Chemists. In the 
case of bread and products containing chlorides, the chlorides must be 
removed by adding 5 ml of concentrated sulfuric acid to the 50-ml 
portion of filtrate and heating until white fumes appear. 

The manganese contents of various parts of a mill stream, as re¬ 
lated to other nutritional factors, are of interest. Within reasonable 
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Fig. 1. Relationship of manganese and iron to the ash content of a Northwestern mill stream. 



Fig. 2. Relationship of thiamin and lat to ash content ot a Northwestern mill stream 
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TABLE III 
Recovery Tests 



Mn present 
in floui 
sample 

Mn added 

Calculated 

total 

Mn found 

Recovery 


mg 

mg 

mg 


% 

Whole wheat flour 

0.23 

0.23 

0.46 


98 

Short patent 

0.144 

0.20 

0.344 

■ 

102 


limits the manganese and iron arc proportional to the ash. The rela¬ 
tionship is more clear-cut in the higher-ash products. Thiamin has a 
definite relationship to the ash in flours, but as is well known this 
relationship does not hold throughout the mill stream. It is interesting 
to note that the ether extract bears a closer relationship to thiamin 
throughout the mill stream than any other factor yet found. It is at 
least a theoretical possibility that the cellular mechanisms involved 
in the production of lipids and of thiamin are closely related. 

In the milling of patent flour, the reduction of manganese in whole 
wheat is somewhat more drastic than reduction of thiamin dr iron. 
The relative physiological availabilities, however, of manganese in 
patent flour and in the branny portions of wheat arc unknown. The 
difference in manganese content between white bread and whole wheat 
bread is illustrated in Table IV. The breads were taken from different 
manufacturers and from widely separated geographical areas. 


TABLE IV 

Manganese Content of Typical White and Whole W 7 heat Breads 




Mn per pound, 38% moisture basis 


White breads 

Whole wheat breads 


mg 

1.1, 1.5, 1.0, 1.2, 1.1, 1.2, 1.0 
10.6, 11.1, 10.5 



Summary 

A study of the manganese contents of wheat, flour, and bread has 
been made. Manganese and ash are closely related factors. A man¬ 
ganese determination on enriched bread is often useful in judging the 
type and grade of flour used in its manufacture. Whole wheat flours 
average 35-40 Mg oi manganese per gram, whereas standard patent 
flours average about 4 Mg per gram. These differences are reflected 
in the manganese contents of white and whole-wheat breads. Whole¬ 
wheat bread contains about 10 times as much manganese as white 
bread. 
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THE EFFECT OF SPROUT DAMAGE ON THE QUALITY 
OF DURUM WHEAT, SEMOLINA AND MACARONI 1 

R. H. Harris, 2 Glenn S. Smith, 3 and L. D. Sibbitt 4 

(Received for publication October 5, 1942) 

Little information is available in regard to the effect of sprouting 
upon the macaroni-making quality of durum wheat. This problem has 
received scant attention, in spite of its importance to durum wheat 
growers, as well as to semolina millers and macaroni manufacturers. 
Added emphasis was given to the problem by the very wet harvest 
season of 1941 in the durum-growing region when harvested wheat was 
exposed for several weeks to weather conditions favorable for sprouting. 
This resulted in an unusual amount of sprout-damaged durum wheat. 

The following investigation was undertaken to study the effects of 
degree and amount of sprouting upon milling and macaroni quality. 
A single sample of sound durum wheat sprouted under controlled con¬ 
ditions was used instead of wheat sprouted in the field, because of the 
diverse environmental conditions to which such wheat would be ex¬ 
posed. Fungus or bacterial infections incident to uncontrolled sprout¬ 
ing might easily be more injurious to quality than the sprouting itself. 
A further advantage in experimental sprouting is the possibility of 
having a nonsprouted control as a check. 

A suitable quantity of sound amber durum wheat was used for the 
experiment and germinated under approximately constant conditions. 
Blends differing as to degree and amount of sprouting were made with 
the sound wheat on the basis of percentage by weight of the total blend, 
The percentages were chosen to yield as much information as possible 


1 Joint contribution from the Department of Cereal Technology. North Dakota Agricultura 
Experiment Station, and the Division of Cereal Crops and Diseases, Bureau ot Plant Industry, U. S 
Department of Aguculture. 

2 Cereal Technologist, North Dakota Agricultural Experiment Station. 

8 Associate Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S, 
Department oi Agriculture, field headquarters at Fargo, North Dakota 

4 Assistant Cereal Technologist, North Dakota Agricultural Experiment Station. 
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upon the influence of sprouting upon wheat quality. The blended 
samples were milled and the resultant semolina processed into macaroni 
for a comparison of quality characteristics. 

Material and Methods 

A sound, undamaged sample of commercial Mindum wheat weigh¬ 
ing 62.0 pounds per bushel and grading No. 1 Hard Amber Durum was 
used for this study. It had a bright amber berry, a protein content of 
12.1%, and was not sprouted nor weathered. There was no external 
evidence of fungus infection. 

For the purposes of this experiment, the degrees of sprouting were 
classified into three divisions or stages based on the lengths of plumule 
and were as follows: (1) The emerging plumule less than half the length 
of the kernel; (2) the plumule more than half but less than the length of 


I Ml | 

it V A ( !' 

\ * r t 


Fig 1 Sprouted durum kernel 5 * illustrating the three stages of germination 1st stage plumule 
1 cs r< than half the kernel length, 2nd stage plumule more than half but less than kernel length, and 3rd 
stage, plumule longer than the kernel (Rootlets trimmed short to prevent confusion with plumule) 


the kernel; and (3) Hie plumule longer than the kernel. The length 
of the roots was disregarded. The three stages of sprouting are illus¬ 
trated in Figure 1. 

Preliminary experiments were carried out to establish an optimum 
procedure which would give maximum uniformity of germination and 
permit a comparison of the effects of different degrees of sprout damage. 
Factors found to be important in obtaining uniformity were pre¬ 
soaking and chilling, removal of excess carbon dioxide, and the main¬ 
tenance of uniform moisture content during germination. 
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The advantage of soaking the wheat before germination may be due 
to the uneven rate of water absorption by different kernels. Submerg¬ 
ing the kernels in water excludes air and retards germination until all 
kernels have absorbed sufficient moisture for sprouting. 

Pcrcival (1921) found that wheat docs not germinate until the 
moisture content has reached at least 30%, which was attained at the 
end of approximately 10 hours. Leach (1942) followed the rate of 
water absorption of wheat in contact with water. Water was absorbed 
very rapidly in the first few hours. The rate fell off gradually with 
time. Sherwood and Bailey (1926) found that wheat required four 
or five hours of submergence before it began to germinate. 

In the present preliminary studies, the durum wheat was soaked for 
periods of 3, 8, 10,12, 16, and 24 hours, and the effects on uniformity of 
germination were observed. Uniformity of any lot was determined by 
counting the number of seeds in various stages of sprouting. The 
greatest uniformity was obtained by soaking 10 to 12 hours. The 
growth of fungus on the germinating wheat varied inversely with the 
soaking time, ranging from 30% of obviously infected kernels in lots 
soaked 3 hours to 5% in lots soaked 24 hours, while lots not soaked 
were 100% infected. Fungus appeared on 10% to 15% of the kernels 
in lots soaked 10 to 12 hours, but was not severe enough to cause diffi¬ 
culty, and, therefore, 10 to 12 hours was chosen as the optimum period 
of soaking. 

Miss Edith C. Higgins, Seed Analyst of the North Dakota State 
Seed Department, suggested chilling the seed before germination to 
reduce fungus infection and to improve germination. Accordingly, in 
these preliminary investigations, lots were chilled at 5° to 10°C for 
periods of 1, 2, 3, 4, and 8 days. It was found that chilled wheat 
germinated more rapidly than unchilled and the uniformity was im¬ 
proved. Little time was lost by chilling, owing to the increased germi¬ 
nation rate. The optimum chilling time appeared to be 3 to 4 days. 
Less time than this showed little improvement in uniformity, while the 
8-day period reduced germination. 

It was found that surface kernels in unstirred wheat had roots an 
inch long, while kernels at the center showed little activity. Presum¬ 
ably this was due to smothering of the latter by carbon dioxide re¬ 
leased by the accelerated rate of respiration accompanying germina¬ 
tion. Leach (1942) pointed out that within 5 hours after being 
brought into contact with water the respiration rate in germinating 
wheat kernels increased to approximately 1,000 times the rate of normal 
air-dry grain; also, that the respiration rate of germinating wheat 
continued to increase, though at a more moderate pace. Sherwood 
and Bailey (1926) carried off the excess carbon dioxide by attaching 
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an aspirator to the outlet pipe of the germination tank. In the present 
work occasional stirring of the germinating wheat gave satisfactory 
uniformity. 

Moisture was another variable which affected uniformity of germi¬ 
nation. Moist cheesecloth was used above and below the wheat layer 
to maintain a humid atmosphere. Suitable moisture conditions were 
maintained by stirring and by adding water as required during chilling 
and germination. 

It was also found desirable to control temperature during germina¬ 
tion. Too much time was consumed at lower germination tempera¬ 
tures and fungus infection developed at higher temperatures. The 
optimum temperature for germination appeared to be 15° to 20°C. 

After the desired stage of germination had been reached, the wheat 
was spread out in a thin layer to dry on a table. Drying was acceler¬ 
ated bv two small electric fans. The germinated wheat was dried 
24 hours at 25°C at room humidity and stored in bags at a relatively 
low temperature until milled. 

In the procedure finally adopted the samples were treated, as fol¬ 
lows: (1) Soaked 10 to 12 hours at 15° to 20°C, (2) chilled 3V£ days at 
5° to 10°C, (3) germinated at 15° to 20°C until the desired stages were 
reached, (4) during chilling and germination the wheat was stirred 
thoroughly 4 times during each 24-hour period, and (5) dried 24 hours 
at 25°C. 

The germinator consisted of two trays set end-to-end in a large flat 
copper tank. The trays were each 2 feet wide, 5 feet long, and 3 inches 
deep. They were constructed of wooden frames with 16-mesh galvan¬ 
ized screen bottoms. The wheat was soaked, chilled, and germinated 
in these trays. A double layer of cheesecloth was laid over the bottom 
of the tray, the wheat spread to a uniform depth of nearly one inch, 
and the cheesecloth folded back over the top, the ends being allowed 
to hang over to draw up water,by capillary attraction and keep the 
wheat moist. Water in the tank was maintained at a depth of approxi¬ 
mately two inches. During soaking, the trays rested on the bottom 
of the tank so the wheat was submerged, and while germination was 
proceeding it was raised slightly above the surface of the water. 

To secure the required quantity of wheat, five lots of about 10 
pounds each were run. As each of the desired stages of germination 
was reached, a portion of the lot was removed and dried, the amount 
removed being roughly proportional to the total amount required at 
that stage. The rest of each lot was allowed to continue germinating 
until the next stage was reached. One control lot was soaked and 
chilled to secure an unsprouted check. 

The degree of uniformity of germination attained was determined 
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by taking a random sample of from 100 to 200 kernels from each lot as it 
was removed to dry, and classifying the kernels into four groups desig¬ 
nated as 0, 1, 2, and 3, these groups corresponding to the stages of 
sprouting described. Thus kernels in group 0 showed no germination 
activity, while kernels in group 1 had just begun to germinate, but the 
plumule was less than half the length of the kernel, etc. The maximum 
length of the plumule was probably not greater than twice the kernel 
length. Table I shows the percentages of kernels in each lot that fell 

TABLE I 

Classification of Sprouted Kernels Showing the Degree 
of Overlapping in Each Stage 
(Modal class indicated in bold type) 


Sprouting stages and percentages of kernels tailing into each group 1 


Lot 


First stage 


Second stage 

Third stage 


0 

1 

2 

3 

0 


2 

3 

0 



2 

3 


*t 

r / 

( 

"r 

% 

( o 

'A 


% 

% 

< • 
i 


Vt 


First 

23 2 

76.8 

00 

0 0 

120 

28.7 

50.9 

8.4 

10.7 

19 

0 

144 

55.9 

Second 

15.1 

84.9 

0 0 

0.0 

14.7 

29.0 

53.3 

3.0 

9.2 

13 

2 

16.0 

61.6 

Third 

22.5 

77.5 

00 

0.0 

11 5 

24.2 

50.0 

14.3 

120 

5 

9 

5.7 

76.4 

Fourth 

22 0 

78.0 

0.0 

00 

14 7 

23 5 

57.9 

3 9 

10.0 

4 

1 

23.4 

62.5 

Fifth 

179 

82.1 

0.0 

0.0 

15.1 

6 6 

53.7 

24 6 

— 

— 

- 

— 

— 

\\ orage 

20.1 

79.9 

00 

0 0 

1 14.6 

22 4 

53.2 

10.8 

10.5 

10 

5 

14 9 

64.1 


1 Group for plumule length to correspond with the three stages ot floating, i e , Group 0 *» pei- 
tentage with no sprouts. Group 1 = percentage with plumule Jess than half the length of the kernel. 
Group 2 = percentage with plumule more than half but less than the length of the kernel Group 
I *» percentage with plumule longer than kernel. 


into these four groups and the averages. The averages are not weighted 
because of the complicating effects of moisture and sprouts. Complete 
uniformity, of course, was not attained, but the analysis shows that 
three distinct stages of sprouting were represented, in spite of over¬ 
lapping. 

With the three stages of sprouted durum wheat, a series of blends 
was made for milling into semolina and processing into macaroni. 
Each of the three stages was used for a separate series of blends with 
sound wheat, using 5%, 10%, 20%, 40%, 60%, 80%, and 100% by 
weight of the sprouted grain. Different stages of sprouting were not 
blended. Because seed was insufficient the 80% and 100% blends of 
the third stage and the 100% blend of the second stage were omitted. 

The determination of grade was made according to instructions in 
the Handbook of Official Grain Standards of the United States (1939 
edition), prepared by the Agricultural Marketing Service, U. S. De¬ 
partment of Agriculture. The milling and processing methods and 
equipment have been described in detail by Harris and Sibbitt (1942) 
and will not be discussed in this paper. Analytical procedures were 
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those outlined in Cereal Laboratory Methods (4th edition, 1941). 6 The 
various blends of sprouted grain caused no unusual difficulties in mill¬ 
ing. In processing the macaroni, however, some difficulties in handling 
were evident. Doughs made from blends high in sprout damage were 
crumbly and “short,” although a dough of normal consistency could be 
made from them. This apparent “ shortness” is probably related to an 
accumulation of fatty acids following hydrolysis of fat during sprouting. 
Shattering and checking in the finished product increased with the 
percentage of damage in the second and third stages of sprouting. 
Macaroni from the control samples dried satisfactorily. 

Discussion of Data 

The effects of sprouting upon test weight, percentage of vitreous 
kernels, grade, and kernel weight are shown in Table II. Soaking and 
chilling without germination reduced the test weight from 62.0 to 54.0 


TABLE II 

The Effect of Sprouting on the Test Weight, Percentage of Vitreous 
Kfrnels, Grade and Kernel Weight of Durum Wheat 


Sample 

Test 

Vitreous 

Unofficial 

Weight per 

weight 

kernels 

grade 1 

1000 kernels 


Ibs'bu 

% 


£ 

Control (sound wheat) 
Control, soaked and chilled, 

62 0 

90 

1 HAD 

36.6 

no sprouting 

54.0 

54 

4 I) 

34 4 

First stage of sprouting 

51.0 

0 

SGD 

34.2 

Second stage of sprouting 

47.0 

0 

SGD 

33.0 

Third stage of sprouting 

46.5 

0 

SGI) 

31.8 


1 Letters denote first letter of each word in assigned grade, e.g , HAD =* Hard Amber Durum 


pounds per bushel. Test weight continued to fall as the degree of 
sprouting advanced, reaching a low of 46.5 pounds. Even the first 
stage of sprouting eliminated all vitreous kernels. Kernel weight fell 
off somewhat with sprouting. ' 

Test weight per bushel, grade, milling, and analytical data obtained 
from the various blends are shown in Table III. The blends are arranged 
according to macaroni color score, as shown later in Table IV. Both 
degree and amount of sprout damage had a marked effect upon weight 
per bushel and grade, reducing these characteristics from 62.0 to 49.0 
pounds and from No. 1 Hard Amber Durum to Sample Grade Durum in 
the extreme. No definite effect of sprouting upon the protein content 
of the wheat or semolina was indicated, but semolina yields, both puri¬ 
fied and unpurified, were decreased by sprouting. Diastatic activity 
was greatly affected by the degree and amount of sprout in the blend. 

* Published by Americaln Association of Cereal Chemists, 110 Experiment Station Hall, University 
of Nebraska, Lincoln, Nebraska. 
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TABLE III 

Comparative Grade, Milling and Analytical Data from the 
Sprouted Wheat Blends 

(Results arranged in order of increasing macaroni color score) 


Lab. 

No 

Blend 

description 1 

Test 

weight 

Unofficial 
grade 2 

Protein 
(N X5 7) 4 

Semolina 

yield 

Ash 4 

Dia¬ 
static 
activ¬ 
ity »- 4 

Wheat 

Semo¬ 

lina 

(puri¬ 

fied) 

Unpun- 

fied 

Puri¬ 

fied 



lbs bu 


% 

% 

% 

% 

% 


41-674 

80% 2nd stage 

49.0 

SGI) 

12.5 

11.1 

54.9 

37.3 

0.59 

1155 

679 

60% 3rd stage 

52.0 

SGD 

12.1 

10.7 

55.8 

35.1 

0.59 

1150 

673 

60% 2nd stage 

52.0 

SGD 

12.3 

11.3 

58.1 

41.1 

0.64 

1022 

678 

40% 3rd stage 

55.5 

SGAL) 

12.2 

11.1 

59.7 

39.1 

0.62 

1060 

677 

20% 3rd stage 

58.0 

SGHAD 

12.2 

11.2 

61.8 

41.9 

0.61 

872 

672 

40% 2nd stage 

56.0 

SGAD 

12.2 

11.3 

60.1 

40.6 

0.62 

952 

676 

10 % 3rd stage 

60.0 

4 HAD 

12.1 

11.1 

61.7 

41,2 

0.60 

717 

671 

20 % 2nd stage 

58.0 

SGHAD 

12.1 

11.2 

61.9 

41.5 

0.60 

727 

675 

5% 3rd stage 

61.0 

3 HAD 

12.4 

10.5 

63.4 

42.2 

0.61 

697 

670 

10 % 2nd stage 

600 

4 HAD 

12.1 

11.3 

61.6 

42.4 

0.59 

596 

668 

100 % 1st stage 

51.0 

SGD 

13.1 

11.2 

55.3 

37.8 

0.56 

603 

667 

80% 1st stage 

53.0 

SGD 

12.6 

11.1 

59.3 

40.2 

0.61 

573 

669 

5% 2nd stage 

61.0 

3 HAD 

12.4 

11.2 

62.2 

42.2 

0.60 

515 

666 

60% 1st stage 

55.0 

SGD 

12.2 

11.2 | 

60.6 

41.3 

0.64 

509 

665 

40% 1st stage 

57.0 

SGAD 

12 2 

11.1 1 

61.9 

41.5 

0.64 

403 

664 

20 % 1st stage 

59.0 

SGHAD 

12.2 

11.1 

62.5 

41 1 

0.62 

321 

663 

10 % 1st stage 

60 0 

4 HAD 

12.0 

11.1 

62.8 

43.0 

0.62 

254 

662 

5%/1st stage 

61.0 

3 HAD 

12.2 

11.1 

58.5 

41 8 

0.61 

247 

661 

Control, soaked 





i 





and chilled 

54.0 

4 1) 

12.0 

11.2 

60.1 

43 4 

0.58 

336 

660 

; 

Control 

62 0 

1 HAD 

12.1 

11 2 

64.2 

42.2 

0.62 

247 


1 Blends made with sample 41 660 plus indicated pci tentage ot sprouted wheat 
3 Letters denote hrst letter of each word in assigned grade, e r , SGHAD = Sample Grade Hard 
Amber Durum 

3 Mg maltose per 10 g semolina. 

4 Calculated to 13 5% moisture basis 


Data obtained from the semolina and macaroni are shown in Table 
IV. The number of specks in the semolina was not affected by sprout 
damage, but the absorption was lowered. Color score of the macaroni 
was closely related to both the degree and amount of sprouting. A 
high negative correlation was found between visual color score and 
diastatic activity. In an unknown sample of semolina a high maltose 
value would probably indicate a low macaroni color score. While the 
grade was lowered from No. 1 Hard Amber Durum to No. 4 Durum by 
soaking and chilling the control, the macaroni color score was unchanged. 

The effects of the various blends upon the principal quality factors 
are shown graphically in Figures 2, 3, and 4. Figure 2 shows the 
effects of the different percentages of each stage of sprouting upon test 
weight, semolina yield, and semolina ash. Test weight was signifi¬ 
cantly reduced by the addition of sprouted wheat to the blend, and 



340 


SPROUT DAMAGE IN DURAM WHEAT 


Vol. 20 


TABLE IV 

Absorption and Quality Ratings of the Semolina and Macaroni 


Lab. 

Blend 


Semolina 

« 

Visual color score of macaroni 




No. 

description 1 

Specks per 
10 sq in 

Rating 

Absorption * 

(perfect score 10) 

41-674 

80% 2nd stage 

20.0 

6 

% 

25.7 

3.5 brownish 

679 

60% 3rd stage 

13.0 

4 

25.1 

3.5 brownish 

673 

60% 2nd stage 

7.0 

2 

26.0 

4.0 brownish yellow 

678 

40% 3rd stage 

10.0 

3 

25.6 

4.0 brownish yellow 

677 

20% 3rd stage 

13.0 

4 

25.9 

4.5 light brownish yellow 

672 

40% 2nd stage 

20.0 

6 

26.3 

5.0 light brownish yellow 

676 

10% 3rd stage 

10.0 

3 

26.7 

5.0 light brownish yellow 

671 

20 % 2nd stage 

3.0 

1 

26.7 

5.5 

675 

5% 3rd stage 

10.0 

3 

26.8 

5.5 

670 

10 % 2nd stage 

7.0 

2 

26.8 

6.0 

668 

100 % 1st stage 

23.0 

7 

25.8 

6.5 

667 

80%; 1st stage 

23.0 

7 

25.6 

6.5 

669 

5% 2nd stage 

10.0 

3 

26 8 

6.5 

666 

60% 1st stage 

10.0 

3 

25.7 

7.0 

665 

40% 1st stage 

17.0 

5 

26 0 

7.5 

664 

20 % 1st stage 

7.0 

! 2 

26.1 

8.0 

663 

10 % 1st stage 

30 

1 

26.4 

8.5 

662 

5% 1st stage 

7.0 

2 

26.6 

9.0 

661 

Control, soaked 

13.0 

4 

26.2 

9.0 


and chilled 





660 

Control 

7.0 

2 

26.6 

9.0 


1 Blends made with sample 41-660 plus indicated percentage of sprouted wheat 

2 Calculated to 13 5 l / c moisture basis 


this effect was slightly more marked at the higher percentages of stages 
2 and 3. Yield of semolina was not affected by less than approximately 
20% of sprouted wheat; more than this, especially of the two last stages 
of sprouting, decreased the yield. Forty percent of stage 3 reduced the 
yield nearly as much as 100% of stage 1. No clearly marked trend in 
the ash was evident, although it appears that a very high percentage of 
sprouted wheat may tend to decrease this constituent. 

Diastatic activity and semolina absorption in relation to sprouting 
are shown in Figure 3. The first stage of sprouting raised the maltose 
value from 247 mg to 603 mg, and the second stage increased it to 1155 
mg, as compared with 247 for the unsprouted sound wheat. The third 
stage used in a 60% blend showed a diastatic activity of 1150 mg. The 
diastatic activity of 100% of the first stage was almost equaled by 10% 
of the second and was exceeded by 5% of the third. These observa¬ 
tions suggest that small proportions of heavy sprout damage may be 
detected by the high maltose value of the blend. A marked general 
tendency toward lower absorption with higher concentrations of all 
stages of sprouting is shown, although the results are not as clearly cut 
among the blends as was the case with diastatic activity. The range 
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Figure 4 shows the influence of sprouting upon the visual color 
rating of the macaroni. Macaroni color scores decreased consistently 
with the addition of sprouted wheat. Severely sprouted wheat was 
especially harmful, and the color scores illustrate its injurious effect 
upon the commercial value of the products made from it. Five per¬ 
cent of the second stage lowered the color score from 9.0 to 6.5, which 
is certainly very significant, but an equal proportion of the third stage 
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Fig 3. Effect of different concentrations of the three stages of sprouting 
upon the maltose figure and absorption 


had a still more drastic effect,’ rendering the macaroni quite unsuitable 
for consumption, according to commercial color standards. Lightly 
sprouted wheat from the first stage was much less injurious to color, 
but had a noticeable effect when present in 20% or more in the blend. 
One hundred percent of the first stage produced macaroni which 
equalled a 5% blend of the second stage, and was superior to 5% 
concentration of the third stage. These results obtained, compared 
with those from a study by Harris and Sibbitt (1942), suggest that 
blights and similar forms of damage are more injurious to durum quality 
than is sprout damage. 

The results of the present study justify the following general state¬ 
ment: Sprouting adversely affects test weight per bushel, grade, semo- 
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lina yield, and macaroni color. Diastatic activity is greatly stimu¬ 
lated. Of these various effects those connected with test weight, 
semolina yield, and color are the more important from the standpoint 
of commercial utilization. Returns to the farmer would be decreased 
because of lowered bushel weight and grade. If the sprouting is slight, 



0 6 10 10 40 60 60 100 

SPROUT DAMAGE % 

Fig. 4 Visual macaroni coloi score as influenced by different concentrations 
of the three stages of sprouting 

say less than one-half the kernel length, and constitutes not more than 
10% by weight of the total wheat mix, the effect upon yield, diastatic 
activity and color is not great, but test weight and grade are still 
reduced. The influence upon grade is especially marked, causing a 
decrease from No. 1 Hard Amber Durum to No. 4 Hard Amber Durum. 

Summary and Conclusions 

Aliquots of a sample of sound hard amber durum wheat were 
sprouted under approximately uniform conditions for varying lengths 
of time in order to obtain three distinct stages of sprouting. These 
“stages’’ were delimited by the length of sprout obtained. Each of 
these three stages was then blended in various proportions by weight 
with the original sound wheat to obtain mixes for experimental milling. 
These were milled and the resultant semolinas processed into macaroni 
by standardized methods. Various chemical determinations were made 
on the material, as well as a visual color score determination of the 


macaroni. 
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While the different degrees of sprouting did not affect the ease of 
milling the blends, an effect was noticeable upon the properties of the 
dough during macaroni processing. Doughs made from blends con¬ 
taining a high percentage of badly sprouted wheat were crumbly and 
“short,” but after the customary amount of kneading appeared to 
have normal consistency. 

Weight per bushel was consistently lowered by sprouting. Semo¬ 
lina yield was significantly reduced when over 20% of sprouted wheat 
was included in the blend. Little influence upon semolina ash was 
noted, except that high percentages of sprouted wheat showed a slight 
trend toward reduction. 

Diastatic activity was greatly influenced, both by the percentage of 
sprouted wheat in the blend, and by the degree of sprouting, while 
absorption was generally lowered by the same factors. The effect of 
sprouting was most marked upon diastatic activity and macaroni color, 
and in the present instance these two factors bore a high negative rela¬ 
tionship to each other. The determination of diastatic activity may be 
a convenient method for predicting the probable macaroni color of a 
sample suspected of containing sprout damage, provided nocomplicat- 
ing factors such as blight or other damage are involved. Ten percent 
blends of the second and third stages had more effect upon both dia¬ 
static activity and color than 100% of stage 1. 

Five percent of heavy damage reduced the color score 40%. The 
second stage of sprouting decreased the score less severely. The wheat 
from the first stage had a noticeable effect at a concentration of 20% 
in the blend. The macaroni had a brownish coloration when made 
from blends high in severely sprouted wheat. 

Soaking and chilling without germination significantly reduced test 
weight and grade but did not affect macaroni color. 

It appears from the data that length of sprout is more important 
in relation to quality than the percentage of sprouted kernels present. 
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CONSTANCY OF RANK OF DURUM WHEATS 
IN MACARONI COLOR 

E. V. Hetjierington 1 and Glenn S. Smith 2 

(Received foi publication September 23, 1942) 

This paper presents macaroni color differences on fairly constant 
groups of durum varieties and hybrid strains grown at the Langdon 
Substation, Langdon, North Dakota, for the years 1929 to 1941, ex¬ 
clusive of 1936. 

Color receives more attention than any other macaroni quality 
characteristic. It is not necessarily more important than such 
attributes as nutritional value, cooking properties, protein content, 
flavor, or breaking strength of the macaroni, but it is more likely to be 
defective in commercial macaroni, and is more easily recognized by the 
buyer. Color weighs heavily in macaroni sales appeal. Therefore, in 
any durum wheat improvement program, macaroni color of the va¬ 
rieties and hybrid strains is of paramount importance. 

Macaroni color is modified by many factors, some hereditary and 
some environmental. The influence of hereditary factors is illustrated 
by the fact that good durum wheats produce brighter and more yellow 
macaroni than do wheats of other classes. Furthermore, certain va¬ 
rieties of durum are much superior to others. The Mindum variety 
has become accepted by the trade because it produces macaroni that 
is clear, bright, and translucent. Contrastingly, Pentad, or “red 
durum,” produces dull, reddish, opaque macaroni. 

Examples of environmental factors influencing macaroni color arc 
climate, soil, disease, or even storage conditions and processing tech¬ 
nique. The importance of climate and soil is indicated by the fact 
that virtually all the durum wheat produced in the United States is 
grown in North Dakota, Minnesota, and South Dakota, with 75% 
being produced in North Dakota, In years of high rainfall, the color 
characteristics of the crop are different from those in a dry year. A 
disease such as black point may cause splotchy macaroni color, or 
ergot may cause black specks. Stem rust may shrivel the kernels, 
increasing the amount of yellow color per given weight, but making 

1 Director of Durum Experiments, Products Control Dept., General Mills, Inc. 

* Associate Agronomist,. Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Dept, of Agriculture. 
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the removal of bran particles more difficult. Finally, the color of the 
best durum may be ruined by poor storage or careless processing. 

Binnington and Geddes (1937) milled and processed into macaroni 
several durum wheat varieties and hybrids grown at three locations in 
western Canada in 1934 and 1935. They analyzed the macaroni color 
of the various samples and calculated “single-score color values” by 
means of a disk color analyzer. The calculated color values ranked 
the varieties in identically the same order as a visual classification. 

Fifield, Smith, and Hayes (1937), in describing a small-sample 
technique, reported visual color rankings of macaroni from several 
durum varieties grown at Langdon, North Dakota, from 1929 to 1935. 
Ranking of the varieties in different years was similar, despite varia¬ 
tions in season. Macaroni color of durum samples grown at Langdon 
in 1934 and 1936 was analyzed with a Novadcl-Agene colorimeter. 
Percentage of yellow color ranked the varieties in essentially the same 
order as notes on visual appearance of the macaroni. “Macaroni 
disks” from small samples of semolina gave disk colorimeter results 
comparable to the experimental macaroni. 

A more thorough study of the factors related to macaroni quality 
was undertaken by Binnington and Geddes (1939) from grade, bushel 
weight, semolina yield, carotenoid content, macaroni breaking strength, 
and tenderness score determinations on eleven durum varieties grown 
in western Canada in 1935, 1936, and 1937. Only Arnautka, Mindum, 
and Akrona consistently produced commercially acceptable macaroni. 
They emphasized that macaroni quality cannot as yet be predicted 
from any single analytical test applied to the wheat, referring espe¬ 
cially to carotenoid content. 

Fifield, (lark, Smith, Hayes, Christie, and Hoffeckcr (1937) re¬ 
ported on macaroni made from durum samples grown at a number of 
different locations in the Great Plains area for the crop years 1932 to 
1936. Harris and Knowles (1940) and Harris and Sibbitt (1942) re¬ 
ported on macaroni made from North Dakota durum samples grown 
in 1938, 1939, and 1940. Visual notes on the macaroni color ranked 
the varieties in much the same order as did previous workers, even 
though season, year, and location were different. 

Materials and Methods 

In connection with the durum uhcat improvement program of the 
Bureau of Plant Industry, U. S. Department of Agriculture, cooperat¬ 
ing with the North Dakota Agricultural Experiment Station, a group 
of standard durum varieties and new hybrid selections was grown each 
year at Langdon, North Dakota, in triplicated 1/60-acre plots to com- 
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pare them for such agronomic characters as rust resistance, strength of 
straw, earliness, yield, and test weight. 

In most years, from eight to twelve durums were included in the 
trial. Some standard varieties were grown continuously throughout 
the period, while others were discarded to make room for new hybrid 
strains as the latter became available. 

Each year (excepting 1936, owing to drought), 10-pound samples of 
each were processed into macaroni in the experimental laboratory of 
General Mills, Inc., and the samples rated for macaroni color. The 
samples were identified by number only, while being processed and 
judged. The experimental equipment will not be described in detail. 
It was built up over a period of years and is essentially similar to that 
described by Fifield (1934), Binnington and Geddes (1936), and Harris 
and Sibbitt (1942). 

The macaroni color scorings were based on a visual color score in 
daily use by the laboratory for durum buying and mill-control opera¬ 
tions. A standard commercial semolina was used to maintain a uni¬ 
form base and the samples were scored in percentage units ranging from 
“very poor” at 40% to “excellent” at 80%. While these were sub¬ 
jective scorings, they were very satisfactory under the conditions of 
this study. All scorings were made by the same operator in each of 
the twelve different years, an operator who was in touch with this work 
the year round. A disk color analyzer would have the advantage of 
removing some of the personal factor in these scorings, but none was 
available. It still would have been necessary to check the results 
against the visual color scores. 

This cooperative project \vas begun to obtain from a commercial 
laboratory unbiased evaluations of the macaroni quality of new hybrid 
strains in comparison with Mindum check samples grown under com¬ 
parable conditions. As the tests were continued over a period of years, 
they have taken on added significance, bringing out a consistency in 
the ranking for macaroni color of varieties continued throughout the 
period. 

Experimental Results 

The macaroni color scores each year for the more important durums 
are tabulated by groups in Table I. Groupings were made on the 
basis of similarity of macaroni color; i.e., Monad and Golden Ball were 
invariably similar and produced poor macaroni, and constituted one 
group; selections of Kubanka were grown for a period of years and 
made up a second group; a third group contained only Mindum and 
K-75, which are preferred commercially for macaroni color; and in the 
fourth group w'ere included new hybrid strains from the breeding pro- 
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TABLE I 

Macaroni Color Scores for Groups of Durum Varieties and Hybrids Grown 
in Field Plots at Langdon, North Dakota, 1929 to 1941 
(1936 Omitted Owing to Drought) 






Macaroni color scores 

Av. 

Year 

giown 


Group 

No 






Variety 01 hybrid group 










group 


40 

45 

50 

55 

60 

65 

70 

75 

80 

8COIO 




VP 

P 

P 

F- 

F 

FG 

G 

VG 

Ex 


1929 

Mindum—K-75 

III 







2 



70 


Hybrid strains 

IV 



3 


1 





53 

1930 

Monad—Golden Ball 

I 



1 

1 






53 


Kubanka selections 

II 




1 

1 

1 




60 


Mindum—K-75 

III 







2 



70 

1931 

Monad—Golden Ball 

I 

1 

1 








43 


Kubanka selections 

II 



1 


2 

1 




59 


Mindum—K-75 

III 









2 

80 


Hybrid strains 

IV 




2 






55 

1932 

Monad—Golden Ball 

I 

1 

1 








43 


Kubanka selections 

II 




1 

1 

1 




60 


Mindum—K-75 

III 







1 

1 


73 


Hybrid strains 

IV 



1 

1 






53 

1933 

Monad—Golden Ball 

I 

2 









40 


Kubanka selections 

II 






3 




65 


Mindum—K-75 

III 








1 

1 

78 


Hybrid strains 

IV 




2 






55 

1934 

Monad—Golden Ball 

I 

1 

1 








43 


Kubanka selections 

II 






2 

1 



67 


Mindum—K-75 

III 








2 


75 


Hybrid strains 

IV 



1 

1 






53 

1935 

Monad—Golden Ball 

I 

2 









40 


Kubanka selections 

II 




2 

2 





58 


Mindum—K-75 

III 






2 




65 


Hybrid strains 

IV 




2 

__ 






55 

19.57 

Monad—Golden Ball 

I 

2 









40 


Kubanka selections 

II 






2 




65 


Mindum—K-75 

III 








1 

1 

78 


Hybrid strains 

IV 



1 

! 



1 



60 

1938 

Monad—Golden Ball 

I 

1 

1 








43 


Kubanka selection 

II 



j 

i 






55 


Mindufh—K-75 

III 







2 



70 


Hybrid strains 

IV 


1 

1 

1 



2 



58 

1939 

Monad— Golden Ball 

I 


1 

1 







48 


Kubanka selection 

II 





I 





60 


Mindum 

III 








1 


75 


Hybrid ^trains 

IV 








2 

1 

77 

1940 

Monad 

I 

1 









40 


Kubanka selection 

II 




1 






55 


Mindum 

III 





1 





60 


Hybrid strains 

IV 


1 

2 

3 

3 





54 

1941 

Monad 

I 

1 









40 


Kubanka selection 

II 




1 






55 


Mindum 

III 







1 



70 


Hybrid strains 

IV 

I 






4 

1 

4 

1 

71 
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gram. Groups I, II, and III were relatively constant genetically, 
while Group IV was variable. 

The figures under the various color-score classes show the number 
of varieties or hybrid strains from the indicated group falling in each 
class. The last column gives the average score for each group each 
year. Thus, in 1929, both Mindum and K-75 received color scores of 
70, or “good,” while three hybrids scored 50 and one 60 with an average 
for the hybrid group of 53. In 1930, Monad or Golden Ball scored 50 
and the other scored 55. 

Since some of the durum varieties were not grown continuously 
throughout the 12-year period, the averages cannot be regarded as 
highly accurate, but they are believed to be representative for each 
group. The number of Kubanka selections varied from one to four 
each year, as older selections were replaced by new ones. Golden Ball 
was dropped from the trials in 1940 and K-75 in 1939. The hybrid 
group was especially variable and intentionally so, since those shown 
to be poor in color or deficient in other respects were dropped and newer 
strains took their places. 

Despite wide seasonal variations in macaroni color, the relative 
rankings of the first three groups remained unchanged. Group I 
ranked poorest, the average color scores ranging from 40 to 51; Group 
III ranked best and Group II ranked intermediate each year. 

Although only one location is considered, the seasonal environment 
ranged from very favorable in some \ears to very adverse in other years 
for tin* production of good-quality durum. In 1937, a favorable year, 
the bushel weight of Mindum was 63.5 pounds, while in 1935, stem rust 
reduced Mindum to 46 pounds per bushel. In other years the environ¬ 
ment was modified by extremes in drought, heat, grasshoppers, black- 
point fungus, late seeding, and sprouting in the shock. Under the 
most adverse conditions, Mindum and K-75 scored better than did 
Monad or Golden Ball in the most favorable year. The Kubanka 
selections represented more diverse types, but invariably scored below 
Mindum and K-75, and generally better than Monad or Golden Ball. 

Usually the Kubanka selections were graded down because of lack 
of yellow color, while Monad and Golden Ball were graded still lower 
because of dullness and gray or reddish shades. 

Color scores for Group IV show the improvement in general level 
of macaroni color that has been attained by breeding. Thus the 
various hybrids tested and discarded up to and including 1935 were 
generally inferior to the Kubankas, and decidedly poorer than Mindum. 
In 1937 and 1938, some of the newer hybrids approached Mindum in 
macaroni color, but it was not until 1939 that some were available that 
rated equal to Mindum. All these better hybrids resulted from a back- 
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crossing program for improved stem-rust resistance, with Mindutn as 
the recurrent parent. In 1941, ten hybrids were tested, all significantly 
better than Kubanka, and some were rated above Mindum. The rela¬ 
tion between color scores of the representative varieties each year and 
the progress that has been made by breeding is illustrated in Figure 1. 



Fig. 1. Macaroni color scores for Mindum. Kubanka, Monad (D 1), and the best-quality new durum 
hybrid available m the indicated years from field plots grown at Langdon. North Dakota, 1929-41. 


This shows the color scores for Mindum, Monad, and the best-colored 
selection of Kubanka, as compared with the best hybrid in each year. 
Even though there was considerable variation in the color score for a 
given variety in different years, the relative position of the varieties one 
to another was very constant from year to year. The best hybrid in 
1935 and in previous years was distinctly inferior to the best Kubanka 
selection, but the best in 1939, 1940, and 1941 was equal or superior to 
Mindum. 

Similar results were secured with other durum varieties and hybrid 
strains grown and tested for less than the 12-year period and not re¬ 
ported herein. 

The similarity in relative color scores of the different varieties from 
year to year suggests that it may not be necessary to grow and test new 
hybrids for many years in order to evaluate them at least roughly. 
Even a single year’s results, in comparison with a suitable check, may 
have considerable significance. Recognition of finer differences will 
probably require more time. 
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Summary 

Durum wheats grown in field plots at Langdon Substation, Lang- 
don, North Dakota, from 1929 to 1941, were processed each year into 
macaroni and scored for macaroni color. Some of the varieties were 
grown continuously throughout the period while others, especially new 
hybrid selections, were replaced from year to year with newer material. 
The varieties were classified into three groups on the basis of macaroni 
color, and compared with a fourth group, the hybrid strains. 

The results of these field and laboratory tests suggest the following 
conclusions: (1) Ranking of the durum wheat varieties for macaroni 
color was relatively constant regardless of seasonal fluctuations. (2) 
New durum hybrid strains bred for improved stem-rust resistance and 
tested in the later years were much superior in macaroni color to those 
available for testing in the early years of the period. (3) A new 
variety or hybrid may be evaluated for macaroni color from a relatively 
small number of tests, if compared with Mindum or other suitable 
varieties grown under like conditions and processed comparably. 
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THIAMIN LOSSES IN TOASTING BREAD 

David E. Downs 1 and R. B. Meckel 

American Institute of Baking, Chicago, Illinois 
(Read at the Annual Meeting, May 1942) 

Surveys show that much bread is consumed as toast. In some 
areas this is said to exceed 35% of the total consumption. Since 
thiamin is heat-labile and it is known to be partially destroyed in the 
baking process, some additional destruction would normally be ex¬ 
pected during the toasting process. Hoffman, Schweitzer, and Dalby, 2 
using assay methods then available, were unable to show any loss of 
thiamin in white bread even after “heavy” toasting. Since that time 
methods of thiamin assay have been improved so that smaller amounts 
of thiamin can be measured. 

Enriched bread standards, providing for a minimum and maximum 
vitamin content, have been proposed and recommended by the Com¬ 
mittee on Food and Nutrition of the National Research Council. En¬ 
riched bread now on the market is produced in compliance with these 
standards. It seems desirable that figures be made available showing 
the thiamin losses occurring during toasting of unenriched white bread, 
enriched white bread, and 100% whole wheat bread. 

Experimental 

Enough loaves of each type of bread used were purchased from one 
delivery to make up all samples. As the loaves were unwrapped the 
end and next-to-end slices were discarded and the remaining slices 
distributed into covered glass tobacco jars which were filled to the top 
by ten slices. By this procedure each sample was made fairly uniform 
in composition and weight. Experiments showed that, although the 
jars used were not sealed, no 'weight was lost in standing longer than 
the period of the determinations. 

The toaster was of the usual household t>pe in which the slices 
jump up when toasted. The toaster was not new at the time of these 
tests; hence changes due to a “breaking-in” period were eliminated. 
To assure fairly constant heat and humidity two slices were toasted 
and discarded before each sample was taken. Experience showed that 
the timing device on the toaster was not absolutely constant in action, 
and so the toaster was set for a period slightly longer than desired in 
the tests, and each pair of slices was removed by hand at the indicated 
time. After being toasted each pair of slices was transferred into a 

1 Present address: Hollywood Candy Co , Centraha, Illinois 

* Chas Hoffmann, T. R. Schweitzer, and G. Dalby. Loss of thiamin in bread on baking and toast¬ 
ing, Cereal Chem. 17: 737 (1940). 
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I\BLE I 

Sam I’Ll s 01 Bri \d 


Wt of 10 slues 
Thickness of slice 
Moisture as lec’d 


100% l nenruhed White 

whole when white enriched 


263 1 g 
12 mm (}") 
37 O' c 


267 3 g 
IS mm („") 
36 6' f 


287 8 g 
16 mm (J") 
38 0 f o 


second glass jar When the series of ten slices was toasted they were 
weighed 

After air drying the samples were ground and carefullv mixed 
Sample bottles weie filled to the top and moisture and thiamin were 
determined on each sample It was found that in thiamin loss, 5-sec¬ 
ond increments were not sufficiently large to aid in showing changes. 
Xecordingly data presented here include only the samples in each senes 
toasti d 0, 30, 40, 50, 60, and 70 seconds len persons were asked to 

I \BL1 II 

Jhivmin ani> Moisiuki in Bri kd and Iovsi 
( \ll d it i ion\(ittrl to 38 0 f <■ moisture b isis) 


I oistcd 

| Moisture 

1 

M >istmt 1 ss | 

L 

I hi mini 

I hi inrni 1 iss 

e n l 

I “ 

MX L | 


I In inun in 
U slices 
lOisl 


mg 


l N1 NRICHI D W III 11 BRI \D 


0 

38 0 

0 0 

0 86 

1 00 

0 138 

30 

1 M 7 

14 0 

0 78 

i 9 2 

0 126 

40 

31 3 

17 6 

0 67 

22 1 

0 108 

SO 

29 2 

23 1 

0 69 

19 7 

0 110 

60 

24 3 

36 0 

0 63 

26 7 

0 102 

70 

23 0 

39 S 

0 59 

31 l 

0 096 



I NRK HI 1) WHl II BRI U> 



0 

38 0 

0 0 

2 76 

00 

0 496 

30 

34 6 

90 

2 62 

5 2 

0 454 

40 

30 9 

18 6 

2 57 

70 

0 444 

SO 

29 9 

21 4 

2 40 

130 

0 414 

60 

28 4 

25 3 

2 35 

15 0 

0 406 

70 

26 2 

31 0 

2 29 

! 

170 

0 396 


100 1 c W HOI I 

Will AT BRI VD 


0 

38 0 

! 00 

3 36 

00 

0 532 

30 

32 1 

15 6 

3 22 

40 

0 506 

40 

30 0 

21 0 

3 08 

82 

0 486 

50 

29 9 

21 3 

2 94 

12 5 

0 462 

60 

25 6 

32 6 

2 85 

15 l 

0 450 

70 

24 5 

35 5 

2 65 

! 21 0 

0418 
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vipw the toast samples and express their preference as to degree of 
toasting. Eight preferred samples toasted SO seconds; one chose 40 
seconds, and the tenth said he liked his toast between the 40- or 50- 
second samples. Table I gives data describing the bread samples used. 

Thiamin assays were made by the fermentation method of Schultz, 
Atkin, and Frey. 3 Because of the small differences expected between 
the samples, many were assayed in quadruplicate. All results are the 
means of duplicate or quadruplicate assays, which agreed within 5%. 
In assaying low-potency samples such as the unenriched white bread 
toast, there are two methods of procedure: one may use an aliquot 
sample sufficiently large to provide 2 /xg to 4 /xg of thiamin (for the 
fermentometer used). This method is open to the possible objection 
that the large amount of starch and other suspended matter introduced 
into the fermentometer may have some effect on the fermentation. 
Or one may use a constant amount of sample (i.e. 9 1 g) and to each 
fermentometer add sufficient of the thiamin standard to make certain 
the total amount present is within the range of the test. Although 
the thiamin activity due to the sample is a small part of the total 
thiamin activity and possible errors in dispensing the standard thiamin 
will be magnified in the assay results, the latter method was chosen 
for this study. Table II gives the results of the thiamin assays as 
applied to the different samples of toast. 

Discussion 

From the data in Table II it appears that the destruction of thiamin 
in toast is due to the degree of penetration of heat into the slice as well 
as to the length of time the toasting process continues. The amount 
of thiamin destroyed in all three types of toast is related to the degree 
of toasting. It was first thought that there might be a relationship 
between the loss in moisture during the toasting period and the loss of 
thiamin. However, closer examination of the data shows that while 
these two losses are roughly parallel they are not mathematically 
related by an> simple equation. 

The apparent percentage loss of thiamin in the toast made from 
unenriched white bread is higher than thiamin losses from either the 
enriched white bread or the 100% whole wheat bread. However, this 
may well be a discrepancy introduced by the assay method used and 
the difficulty of measuring accurately such a small concentration of 
thiamin as remained in this toast. Hoffman and co-workers in 1940 
were unable to show any difference in thiamin content between the 
toast and the control in this range of values. 

*A. S. Schultz, L Atkin, and C M. Frey Deteinunation of vitamin B l by yeast fermentation 
method, Ind. Eng. Chem. (Anal. Ed.) 14 35-39. 
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Summary 

Three types of bread on the Chicago market were assayed for 
thiamin by the fermentation method. Toast was prepared from each 
type of bread by toasting portions of the bread for five different inter¬ 
vals of time from 30 to 70 seconds. Data are presented showing the 
moisture content of the bread and toast, the thiamin content, and 
percentage of loss in the toast and the amount of thiamin available in 
6 slices of the toast. 


AN AUTOMATIC GAS RECORDING APPARATUS 1 

II. Miller, J. Kdgar, and A. G. (). Whiteside 

Cereal Division, Dominion Experimental Farm, Ottawa, Canada 

(Received toi publication October 7 1942) 

The gassing properties of flour have long been considered of great 
importance in bread making and a knowledge of these properties is 
valuable in appraising flour quality. In quality test baking by the 
formula suggested b\ Larmour, Geddes, and Whiteside (1933), as used 
in this laboratory on experimentally milled flours, it is assumed that a 
deficiency in gassing power may exist. In normal crop years this has 
been especially true when the flours wore experimentally milled from 
the higher grades of Canadian wheat. This, however, may not always 
be the case, as has been pointed out by Elion (1932), who stated that 
“important flour properties may be obscured if sugar is added to every 
baking test,” and also by Collatz and Racke (1925), who have indi¬ 
cated that care should be taken in adding diastatic malt to all flours. 
These findings indicate a weakness in our present system of test baking 
which the present work is an endeavour to overcome. 

Methods of measuring the gassing value of a flour, in contrast to 
diastatic activity, are purely physical, the results representing the 
amount of gas evolved during fermentation. One of the earliest 
workers to recognize the importance of gassing properties in bread 
making was Jago (1895) who in his publication devoted a paragraph 
to the discussion of enzymes and diastase and showed a simple 
gasometer. 

Following work observed at the Research Association of British 
Flour Millers at St. Albans, England, in 1933, an apparatus employing 
the principle of Kunis, as shown by Elion (1933), was constructed in 
the laboratory of the Cereal Division. This apparatus was found to 
have many weaknesses and, like the apparatus of Markley and Bailey 

1 Contribution No. 125 ot the Cereal Division, Dominion Expeumentdl Farm, Ottawa, Canada. 
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(1932), required almost constant attention as did the simple gasometer 
of the Jago type suggested by Bailey (1939). The straight manometric 
apparatus of Sandstedt and Blish (1934) has emerged as probably the 
simplest of the earlier routine methods although the apparatus of 
Malloch (1939) has many desirable features. The Fermentograph by 
Brabender (1934) was an improvement from a recording standpoint but 
was open to error as shown by Schmalz and Sullivan (1938). With no 
satisfactory apparatus or test available which automatically recorded 
in units of time the rate of gas evolved, construction of the apparatus 
described below was commenced in 1939. 

The apparatus, essentially a recording manometer, consists of: (1) 
the mechanical portion of the apparatus, (2) a water bath to maintain 



the temperature of the dough in the manometric system, (3) a carrier 
on which is transported the recording paper, (4) a series of manometric 
units, (5) a bank of lights to register the heights of the liquid columns 
in the manometer tubes, and (6) a shield between the recording paper 
and the lights, so cut that only a narrow slit allows light to pass 
through the manometer tube and register on the recording paper. 

The mechanical portion as shown in Figure 1 consists of a train of 
gears which operate a rotary switch. This rotary switch (1) is bolted 
to the final wheel of the train of gears. On this switch are mounted 
two electrical contacts (2), one of which operates the lights and one of 
which operates a magnetic closure. The axle (3) of the final wheel of 
the gear train is extended under the water bath to the paper carrier. 
Under the latter an eccentric (4) is fitted to a pitman, the front of which 
carries a pinion (5) which operates against a ratchet (6) on the under- 
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side of a movable carriage (7). This carriage (7) rolls on a track (8) 
and for convenience the recording paper is affixed to a paper holder (9) 
which is lighter and more easily removed from the machine than is the 
carrier. The shield (10) protects the recording paper from the light 
source except for slits which are cut vertically in the shield behind each 
tube. 

The water bath (11) is thermostatically controlled. It is heated by 
two strip heaters (12) closely applied to the bottom of the bath. In¬ 
side the bath and above the strip heaters is a false bottom (13) the 
underside of which is sloped to throw the rising hotter water outwards 
towards the sides of the tank. The top of the false bottom is open 
down the center of its length to permit a return of cooling water to the 
bottom of the bath on the principle of convection. Lengthwise of the 
bath and attached to the ends is an L-shaped bar (14). This bar sup¬ 
ports the jar (17) by a winged nut on the top valve (18). To the 
vertical side of the L bar is hinged a bracket (15), which is fitted with 
adjustable pawls (16) to bear against the pneumatic valves (18). 
These pawls are brought down on top of the pneumatic valves by the 
magnetic closure, the built-up pressure is released, and pressure inside 
the manometric system returns to atmosphere. 

The manometric units consist of a container with a screw-on lid (17). 
The lid is fitted with a pneumatic valve (18) and a hole into which the 
one end of a manometric tube, partly filled with opaque liquid, is 
tightly fitted. A bank of lights (20) with a reflecting shield (21) 
provides illumination for marking the blueprint paper. 

In practice, a strip of blueprint paper is attached to the paper 
holder (9), which is placed on carriage (7) behind the shield (19). The 
test dough is placed in the jar (17), which is attached to the L bar (14) 
by a winged nut on the pneumatic valve (18). The manometric tube 
is connected to the jar and the apparatus started. The train gear turns 
the rotary switch once in a predetermined time. The eccentric (4), 
being attached to the same axle (3) as the rotary switch, will turn once 
in the same time. The eccentric actuates the pawl (5) which engages 
behind a tooth on the ratchet (6) and moves the carrier forward an 
equal distance with each revolution. As the switch (1) rotates, one 
contact closes, lighting the bank of lights (20). These remain on so 
long as the contact is closed, producing on the blueprint paper behind 
the slit on the shield (10) and above the liquid in the manometric tube 
(19) a mark, the lower end of which indicates the height of the column 
of the opaque liquid in the tube. A cut through the shield in a hori¬ 
zontal position at the same height as the liquid at atmospheric pressure 
allows the light to pass through the shield and marks the base from 
which the height of column is measured. Repetition of pressure build- 
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ups and exposures produces a graph over a period of time of the type 
shown in Figures 2, 3, and 4. 

The formula used in making test doughs was as follows: 

Flour . 20 g 100% 

Yeast . .0.6 g 3% 

Salt . 0.24 g 1.2% 

Water 10 ml 50% 

Doughs were mixed by hand. By preliminary investigation a 20-g 
sample was shown to be the size best suited for this size of apparatus. 
The 3% yeast rate was chosen because it gave a sharp end point, as is 
shown in Figure 2. Salt was added to obtain a more normal initial 
curve, the need of it being shown in Figure 3. The absorption is kept 
to a minimum to retard the swelling of the dough during fermentation. 
The initial curve, the curve given by a flour with the above formula, 
shown in Figure 4, does not correspond with those of Larmour and 
Brockington (1934) but closely follows the general outline of those 
published by Eisenberg (1940), having a primary and secondary peak. 

While no special investigations have been made on the subject of 
the lag in fermentation which causes this double peak, it appears to be 
closely associated with the supply of, and demand on, sugars within 
the dough. This agrees with the views of Amos (1941), whose findings 
tend to show that the use of the total gas figure to indicate high gassing 
properties ma\ be erroneous as a result of factors influencing the rate 
of gas production before or after the peak is reached. From our own 
work, confirming the findings of Larmour (1934) and others, it has been 



time : io MiwuTt Intervals 


Fig 2. The effects of increases in yeast on production of gas. 
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Fig. 4. A normal initial gas-production curve, showing method of measuring time and height factors 
for calculating the gassing figure. 
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shown that the need for high gassing properties is greatest at the time 
the dough is placed in the oven. From the initial gassing curve a single 
gassing figure is obtained by the following equation: 

TXH 

1000 

T is the time taken to reach the highest peak in minutes and II the 
height of the peak in milliliters of pressure before the end point, or a 
definite falling off in pressure, is observed. The gassing figure arrived 
at in this manner agrees very closely with the diastatic figure of Kent- 
Jones (1936). 

This figure is then applied to a scale to show the amount of sugar or 
malt solution required, if any, to insure an adequate gassing rate. In 
this regard it has been shown that an increase of sugar beyond the 
fermentation requirements is necessary to insure a pleasing crust color 
in the baked loaves. The sugar or malt solution is made up to a 
definite strength, according to requirements. The solution being used 
at the present time in the Cereal Division Laboratory is made up so 
that 10 ml contains 4% sucrose and 0.3% diastatic malt (250°L). 
The amounts added to doughs will vary from 0 to 10 ml in increments 
of 0.2 ml. Low-gassing flours may require the full 10 ml, while high 
gassers may not require any. This scale has been found to take care 
of the gassing variabilities found in all the Canadian wheats tested 
to date. 

Like most biological tests, duplication of results is not always 
arrived at with mathematical precision, but results of a statistical 
analysis on a series of gas figures from a number of flours run on the 
machine show the error range to be below 10%, which is accurate 
enough for routine work. The apparatus, although only a rough 
working model, has been used for routine test work for the past two 
years with excellent success. Yeast, as shown by Eisenberg (1940), 
is an important variable and changes due to yeast supply can be 
checked by running an initial curve on a known standard flour each 
time a fresh supply of yeast is received. 

Summary 

An apparatus for recording automatically the rate of gas produced 
in fermenting bread doughs is described. The data taken from curves 
made by this machine have been successfully applied to test baking. 
On the basis of these data, routine sugar-requirement corrections have 
been made on flours baked by the modified A.A.C.C. malt-bromate- 
phosphate baking method in the laboratories of the Cereal Division 
for the past two years. 
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Curves have been presented showing the influence of salt and yeast, 
which demonstrate its value in measuring the effect of various ingre¬ 
dients on gassing properties of fermenting flour doughs. 
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THE EFFECT OF VARIETY AND ENVIRONMENT ON 
THE EQUILIBRIUM MOISTURE CONTENT 
OF SOYBEAN SEED» 

A. C. Bf.ckf.l and J. L. Carttkr 2 

(Received for publication November 9, 1942) 

The study of the effect of variety and environment on the equi¬ 
librium moisture content of soybean seed is of interest because of its 
direct relationship to the problems of storage and preservation. These 
general problems have been indicated by Humphries and Hurst (1935). 
Differences would normally be expected, in view of the fact that vari¬ 
eties of soybeans have been found to vary in all of the major chemical 
constituents studied thus far. It seemed probable that such a study 
of equilibrium moisture content would also determine whether the 
routine moisture determination could be eliminated from the analytical 
program without introducing an appreciable error in calculating results 
to a uniform moisture basis. Such an elimination would result in a 
considerable saving in time and expense. 

The samples represented eight varieties, each of which was grown 
at five locations in the North Central Region. The varieties were 
Peking, Mandarin, Scioto, Manchu, Mukden, Dunfield A, Dunfield B, 
and Illini. They were grown at Ames, Iowa; Columbia, Missouri; 
Urbana, Illinois; Lafayette, Indiana; and Columbus, Ohio. A com¬ 
plete description of their origin and agronomic history is included in a 
recent publication by Cartter and Hopper (1942). 

The experimental procedure consisted in placing a 3-g portion of the 
seed of each sample in a tared metal dish on a table in a constant- 
humidity, constant-temperature storage room and determining the 
changes in weight. This constant-humidity storage room had been 
designed for the close control of both humidity and temperature by 
Cartter 2 and the performance at all of the humidities imposed was 
adequate. An analytical balance was placed in the room, and the 
weighings were made under the conditions imposed at the time. A 
correction for the change in surface moisture of the dishes was made 
by following the change in weight of an empty dish. 

From the shape of the curve representing the approach of the 
moisture content to the true equilibrium moisture content, it was 
apparent that when the weight of a sample was constant for several 

1 Contribution from the U. S. Regional Soybean Industrial Products Laboratory, Urbana, Illinois, 
a cooperative organization participated in by the Bureaus of Agricultural Chemistry and Engineering 
and Plant Industry ot the Agricultural Research Administration, U. S. Department of Agriculture, and 
the agricultural experiment stations of the North Central states of Illinois, Indiana, Iowa, Kansas, 
Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin. 

9 Associate Chemist m Bureau ot Agnrultuial Chemistry and Engineering, and Agionoinist in 
Bureau of Plant Industry, respectively. 

a To be published. * 
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Fig. 1 Rate of approach to equilibrium moisture content of soybean seed 



Change 

Change m 
, moisture 


in rh 

content 

Open circles (0 %, — 18% rh) 

T 18% 

2 84% 

Solid aides (18% — 30% rh) 

T 11% 

1 36%; 

Plus signs (39% -60% ill) 

T 21% 

2 23% 

Divided ciicles (60% — 43% rh) 

1 17% 

1 41%, 

Circles with lower hall filled (43% —2S tr { rh) 

1 15% 

1 24% 

( licles with upper half filled (28% -13% rh) 

1 15% 

0 94%, 


days, the asymptotic approach to the equilibrium moisture content 
made a further period of conditioning inadvisable. This behavior has 
been utilized by Kelley (1940) and Bailey (1920). The small separa¬ 
tion of the increasing and decreasing moisture curves is an indication of 
the failure to reach complete equilibrium, and the true equilibrium 
content probably lies at some intermediate value. It is probably de- 



Fig. 2. Absorption and desorption oi moisture by soybean seed. Average for all samples studied. 
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pendent on the sample’s previous moisture content, as Auker et al. 
(1942) observed in the case of wheat flour and Urquhart (1929) ob¬ 
served in the case of cotton. 

The humidity levels imposed on the samples at 70°F were, in the 
order of their application, 18%, 39%, 43%, 60%, 28%, 13%, 0%, and 
18% relative humidity. The so-called 0% level was obtained by plac¬ 
ing the samples in desiccators over phosphorous pentoxide, and, while 
the humidity prevailing was extremely low, the value obtained actually 
represented the equilibrium established between the samples and the 
desiccant. Subsequent to the final 18% level, the samples were 

TABLE I 

Equilibrium Moisture Contents of the Seed of Eight Varieties of Soybi vns 
Grown at Five Locations during 1940, Togeiher with the Standard 
Deviations of the Deiermination at Each Storage Room 
Humidity, at 70°F Temperature 



18% 

39% 

60% 

1 

43% 

28% 

| 13% 

i 

i 

18%', 

| Mean 



i 

COLUMBUS, OHIO 





Dun field A 

4.70 

5.98 

8.22 

6.95 

5 61 

4.67 

0.97 

3 75 

5.11 

Manchu 

4 89 

6.30 

8 61 

7.13 

5.72 

4 71 

1 08 

3 86 

5 29 

1 Him 

5.12 

6 56 

8 92 

7 33 

5 96 

4.98 

0 68 

4.16 

5 46 

Dunfield B 

4.75 

6.20 

8.64 

7.01 

5 57 

4.61 

1 01 

3 76 

5 19 

Mukden 

4.54 

5.83 

8.04 

6.88 

5.51 

4.53 

1.13 

3 42 

4.98 

Scioto 

4.93 

6 30 

8.92 

7.38 

6.00 

5.09 

1 16 

4 2 2 

5 50 

Mandarin 

4 66 

5.97 

7.92 

6.90 

5 57 

4 57 

1.13 

3 55 i 

5 03 

Peking 

5.42 

6 96 

9.32 

7.78 

6 28 

5.20 

1 12 

421 

5 79 

Mean 

4.88 

6.26 

8.57 

7.17 

5 77 

4 79 

__ 103 j 

3 87 j 

5.29 




AMES, 

IOWA 






Dunfield A 

4.64 

6.02 

8.36 

6.90 

5.48 

4 52 

0.88 

3 72 

5.06 

Manchu 

4.84 

6.22 

8.56 

7 11 

5 68 

4.70 

1 0 99 

3.82 

5.24 

Illini 

4.80 

6.23 

8 81 

7 09 

5.65 

4.73 

0 80 

3 98 

5.26 

Dunfield B 

4 81 

6 20 

8.55 

7 07 

5.64 

4.69 

! 0.96 

3.84 

5.22 

Mukden 

4.74 

6.09 

8.18 

7.01 

5 61 

4 63 

0 93 

3 59 

5.10 

Scioto 

4.71 

6.06 

>8.57 

7 03 

5.65 

4.77 

0.94 

3.90 

5.20 

Mandarin 

5 16 

6.61 

8.87 

7.47 

6.04 

5.01 

0.84 

4.07 

5.51 

Peking 

5.32 

6.80 

9 08 

7 71 

6 23 

5.14 

1.07 

4.13 

5.68 

Mean 

4.88 

6.28 

8.62 

7,17 

5.75 

4.77 

0.93 

3.88 

5.28 


LAFAYETTE, INDIANA 


Dunfield A 

4.90 

6.37 

8.82 

7 22 

5.74 

4.76 

1.18 

3.89 

5.36 

Manchu 

4 80 

6.31 

8.73 

7.08 

5.63 

4.65 

0.84 

3.76 

5.22 

Illini 

4.72 

6 24 

8.72 

6.95 

5 53 

4.58 

0.77 

3.85 

5.17 

Dunfield B 

4.59 

6.06 

8.45 

6.88 

5 44 

4 48 

1.09 

3.63 

5.08 

Mukden 

4.86 

6.32 

8.47 

7.13 

5.70 

4.70 

1.16 

3.65 

5.25 

Scioto 

5.09 

6.60 

9.06 

7.39 

5.95 

4 94 

0.91 

4.06 

5.50 

Mandarin 

5.14 

6.62 

8 77 

7.42 

6.01 

4.99 

0.99 

4.04 

5.50 

Peking 

5.41 

6.98 

9.19 

7.81 

6.31 

5.23 

1.14 

4.20 

5.78 

Mean 

4.94 

6.49 

8.78 

7 23 

1 

5.79 

4.79 

1.01 

3.88 

5 36 
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TABLE I —Continued 



18% 

39% 

60% 

43% 

28% 

13% 

o% 

18% 

Mean 



COLUMBIA, 

MISSOURI 





Dunfield A 

4.88 

6.33 

8.52 

7.18 

5.75 

4.75 

1.06 

3.82 

5.29 

Manchu 

4.62 

6.08 

8.27 

6.86 

5.48 

4.52 

0.95 

3.66 

5.05 

Illini 

4.78 

6.28 

8.78 

7.11 

5.66 

4.70 

0.81 

3.89 

5.25 

Dunfield B 

5.32 

6.86 

9.16 

7.68 

6.23 

5.18 

0.99 

4.21 

5.70 

Mukden 

5.36 

6.94 

9 34 

7.88 

6.42 

5 40 

1.33 

4.28 

5.87 

Scioto 

4.97 

6 42 

8.73 

7 22 

5.79 

4.81 

0.97 

3.92 

5.35 

Mandarin 

5.51 

7.21 

9.63 

8.12 | 

6.56 

5.43 

1.04 

4.48 

6.00 

Peking 

5 08 

6.62 

8.82 

7.42 | 

6 00 

4.97 

1.04 

3.98 

5.49 

Mean 

5 06 

6.59 

8.91 

7.43 

5 99 

4.97 

1.02 

4.03 

5.50 


URBANA, ILLINOIS 


I hmheld A 


4.82 

6.35 

8.80 

7.05 

5.80 

5.03 

1.04 

4.08 

5.37 

Manchu 


5 21 

6 64 

901 

7 43 

6.07 

5 28 

1.08 

4 24 

5.62 

Illini 


4 82 

6 44 

8.90 

7.21 

5.95 

5.03 

0.88 

4.08 

5.41 

Dunfield B 


5.05 

6.47 

8.60 

7.18 

5 97 

5 12 

0.99 

4.12 

5.44 

Mukden 


5 19 

6.51 

8 86 

7 62 

6.23 

5.33 

1.28 

4 26 

5.66 

Scioto 


5 14 

6 61 

9 13 

7.52 

6.26 

5.07 

1.12 

4.20 

5.63 

Mandarin 


5.54 

6.91 

8.64 

7.77 

6.33 

5.68 

1.58 

4.53 

5.87 

Peking 


5.13 

6.62 

9.63 

7.53 

6.20 

5 29 

1.05 

4.17 

5.70 

Mean 


5 11 

6 57 

8.95 

I 

7.41 

6.10 

5.23 

1.13 

4.20 

5.59 


AVERAGE \T 5 LOC ATIONS 


Dun held \ 

4 79 

621 

8 54 

7 06 

5.68 

4.75 

1.03 

3 85 

_ 

Manchu 

4 87 

631 

8.64 

7.12 

5.72 

4.77 

0.99 

3.87 

— 

Illini 

4 85 

6.35 

8.83 

7 14 

5 75 

4.80 

0.79 

3.99 

— 

Dunfield B 

4 90 

6.36 

8.68 

7 16 

5.77 

4.82 

1.01 

3.91 

— 

Mukden 

4 94 

6 34 

8 58 

7 30 

5.89 

4.92 

1.17 

3.84 

— 

S( into 

4 97 

6.40 

8.88 

7 31 

5.93 

4 94 j 

1.02 

4.06 

— 

Mandarin 

4.87 

631 

864 

7.12 

5.72 

4.77 

0.99 

3 87 

— 

Peking 

5.28 

6.80 

921 

7.65 

6.20 

5.17 

1.08 

4.14 

— 


AVI* RAGE l'OR VLL \ \RIKIIES AT ALL LOCATIONS 



4 97 

6.43 

8 77 

7 29 

5.88 

4.91 

1.02 

3.97 

— 

STANDARD DEVIATIONS FOR EACH HUMIDITY LI 

*.VEL 



Standard deviation j 
Maximum dc\ lat ion 

0.27 

0 32 

0.38 

0.32 

0 30 

0.30 

0 16 

0 25 

— 

from the mean 

0.57 

0.68 

0 86 

0.83 

0.68 

0 77 

0.46 

0.56 

— 

Cocf. of variability 

5 43 

4.98 

4.33 

4.39 

5.10 

6.11 

15.68 

6.30 

— 


brought to the laboratory and the oven moisture value was determined 
by heating to 130°C for two hours. It can be seen (Table I) that in 
terms of the oven-moisture value the samples still retained about 1% 
of moisture after the long exposure to the atmosphere over phosphorous 
pentoxide. This value may be related to the bound water of the seed. 
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It has recently been shown by Bernhardt (1941) that crystalline egg 
albumin retains about 2% of water when stored over phosphorous 
pentoxide and that this water is driven off only by heating above 100°C. 
Analysis of variance (Fisher, 1933) of the data (Table II) shows 

TABLE II 

Analysis of Variance of Data on Equilibrium Moisture Content of So\bean 
Seed as Affected by Humidity of the Storage Room 


Source 

Degree* of freedom 

Mean square 

Total 

319 


— 


Varieties 

7 


0.98 


Locations 

4 


1.15 


Humidities 

7 


215.78 


Varieties X locations 

28' 


0.37 1 


Varieties X humidities 

49| 

301 

0.04 1 

|o.052 

Locations X humidities 

281 

0.03 i 

Varieties X locations X humidities 

196 j 

i 

0.014] 



significant variance in moisture content among the varieties studied. 
Variance due to locations was greater than that due to varieties,.though 
not by a statistically significant amount. Variance due to humidities 
was very large, as would be expected among the wide humidity values 
chosen for study. 

The varieties X locations interaction was large with respect to the 
second order of interaction, varieties X locations X humidities, indi¬ 
cating that the varieties reacted differently to the five locations or 
environmental conditions during the one season. Also the varieties 
X humidities and locations X humidities interactions were highly 
significant, though of much smaller magnitude than the varieties 
X locations interaction. This measure of the influence of the factors 
of variety, climate, and of the subsequent storage conditions on the 
equilibrium moisture content of soybean seed is of value in predicting 
whether the routine moisture determination may be eliminated from 
the analytical program, when data on composition are calculated to a 
uniform moisture basis. The individual moisture contents of the sam¬ 
ples at the indicated storage room humidities are given in Table I. 
These samples were comprised of varieties differing in their normal 
dates of maturity as well as in the percentage composition of protein 
and oil, grown at five widely separated locations in the soybean belt. 

The standard deviations and coefficients of variability of the sam¬ 
ples at each humidity level include all varietal and location variance. 
This table (Table I) shows a standard deviation of only 0.27% moisture 
for all samples originally stored at 18% relative humidity and 0.25% 
for the same samples when returned to that level from a low humidity. 
In each case, at this humidity level, the maximum deviation from the 
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mean for any sample was not more than 0.57% moisture. On the 
basis of these deviations, Table II shows that the error introduced by 
using the mean value for the moisture content, when calculating 
analyses to the dry basis, would be less than half of the usual allowable 
experimental error in the case of the maximum deviation and less than 
one-third of the allowable error in the case of the standard deviation. 

TABLE III 

Error Involved in Calculation of Analyses to the Dry Basis 


Error 


Determination 

Approximate 

percent 

At maximum 
deviation 

At standard 
deviation 


% 

% 

% 

Potassium 

1.75 

0.005 

0.003 

Phosphorous 

0 600 

0.005 

0.003 

Calcium 

0 300 

0.005 

0.003 

Lipids 

20 00 

0.10 

0.06 

N it rogen 

6.00 

0.03 

0.018 

Mean moisture 

at 18% telative humidity = 4.97% 



A similar calculation would show all of the relative humidity levels, 
except 60%, to be satisfactory. 

Obviously, the moisture determination may be eliminated for sam¬ 
ples that have a similar agronomic and early storage history and have 
been stored under uniform humidity and temperature conditions for 
a ]>eriod of about a month, provided there is no significant and irregular 
variation in the moisture content during the grinding and mixing of 
the sample. Samples ground in the constant-humidity room and in 
the atmosphere of the laboratory showed a uniform variation in mois¬ 
ture of less than 0.10%, indicating that a standardized grinding pro¬ 
cedure would not introduce a significant and irregular variation in 
moisture content. It has been found in this laboratory that a relative 
humidity of about 18% at 70°F reduces the water content of soybeans 
below the 5.5% level where, as has been shown by the Soybean Analysis 
Committee of the American Oil Chemists Society (1939), a more easily 
reproducible oil determination is possible when using the official 
A.O.C.S. method. Higher moisture contents cause the extraction of 
other materials in addition to the triglycerides. 

Summary 

Approximate equilibrium moisture content of the seed of eight 
strains of soybeans grown at five locations in the North Central Region 
was determined at eight relative humidity levels at 70°F. Significant 
variance was observed due to variety and location. Including all 
sample variance at each of the humidity levels, the standard deviation 
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ranged from 0.163 at the low humidity level to 0.382 at 60% relative 
humidity. 

From data at 18% relative humidity and 70°F, it has been shown 
to be possible to eliminate the routine moisture determination without 
affecting the accuracy of conversion of other analytical data to the 
dry basis. 
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DIRECT DETERMINATION OF FERMENTATION 
RATES IN DOUGH 

Quick Landis and Charles N. Frey 

The Fleischmann Laboratories, Standard Brands, Inc., New York, N. Y. 

(Redd at the Annual Meeting, Mav 1942) 

In dough fermentation certain quantities of sugar, nitrogen com¬ 
pounds, and accessory factors are used up in producing a corresponding 
total amount of gas or expansion. This total, when used in reference 
to the capacity of the flour to produce it, is commonly designated as 
gassing pouer. On the other hand, the rate of gas production, or the 
rate of fermentation or expansion, is the derivative of the former 
function, and, as is now well recognized, varies greatly as the fermenta¬ 
tion proceeds. 

A number of investigators have studied average rates, i.e ., have 
determined AV/At from integrated rate-of-gas-production measure- 
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Imr 1 !<t nueillation iat< niclei l he apparatus comprises essentiallv a sensitive differential 
manometer with a kymograph drawing standaid Yd type dev eloping out (Aro) photographic punting 
piprt c beneath t hr hubbh tube b Hit slue Ids a and d aie light tight carrying slits parallel to the 
tube through wine h light reaches the paper Gas from the fermentation jar entei«, the cup fat.; and 
flows out to tlu atmosphere through capillary tube e I he capillar} resistance creates a difference m 
pressure \h and manometric tluid (kerosene of sp g 0 810) doves from t to f' until the difference in 
levels equals A/» I he bubble m the tube b assumes a new position t f corresponding to A/r From 
Poisctillc s law we have that 


krjl 

g<l* 


wheie k is i constant v is the viscositv of the gas l the length of the capillaiv e and d is its diameter 
I he rate of flow of gas through the capillarv is i - dVjlt I heir is thus a direct relationship between 
the iHjsition of the bubble ind the ltist int -moons ntf of gas production This relationship is linear 
it the cross sectional arenas of the two cups f and t' are equal and the diameter of tube b is uniform 
lliese conditions maj be met it piecision bore tubing is used I he complete equation tor the mstru 
mont then becomes 


Ai - 


hvh 

2d*p 


( 


R n - »o 2 


r,' 


)• 


when it Ai is the distance of bubble travel in cm 
d the diametei ot capilltrv tube e in mm 
p tlu densitv of manometric fluid in g/ml 
l the length ot capillarv tube e m cm 

ij the viscositv ot gas megs units (for ur 77 =172 10 * toi ( O tj — 160 10 ") 

R the radius of cups / and f f in am units 

r, and »o the inside and outside diameters o! bubble tube b in the same units 
then K = 6 88 i 2</, 

Since the viscosities of air and l O 2 differ bv about 7 S f 0 an error is introduced when gas escapes 
from the dough but this ma\ be minimized bv calibrating with a mixture of the gases Pree ision bore 
tubing rnav be obtained with a tolerance ot 0 01 mm and it a capillary of sa\ 0 9 mm is used this will 
introduce an error ot about 5 Under certain conditions a tolerance of 0 001 mm has been achieved, 

the corresponding error is 1 V c Other sources of error m design aie small compared to these two if 
precision bore tubing is used I he values of these quantities for the instrument used in this work are 
appioximatelv as follows 

Aima» - 25 4 cin 

p — 0 810 g/ml (keiosene with red d>e) 

</ = 0 865 mm 
l =* 20 < m 
R = 15 98 mm 
r 0 - 5 8 mm 

r, = 2 52 mm 


For these dimensions A/r for fullcapacitv is about 1 cm of kerosene of density 0 810 01 about 0 6 mm Hr 
U nder steadv state conditions this m iv be responsible for an error ot about 0 08 f J which is negligible 
When the late is rapidly changing howevei theie is an instrument lag which is proportional to the 
volume ot the lerrmntation chamber and the acceleration, 1 1 to Vo/Po(d l U/rf/ 5 ) It is thus advisable 
to keep the volume of the fermentation jar small in relation to A h 

I he units of the appaiatus may conveniently be sealed together with DeKohtmsky cement, which 
s inert to kerosene Screw g is used for adjusting the zero position of the bubble 
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Fig 2 Sponge pe fermentation for a high protein flour 



Fig 3 Satm an I igure 2 with 0 05% in the batch 


ments as a function of time, where A/ has been as small as 5 minutes 
<* (cf Eisenberg, 1940). The measurement of instantaneous rates and 
accelerations, however, presents certain difficulties James and Huber 
(1928) allowed the water displaced from a tank by the gas produced 
during fermentation to flow through an orifice under the gravitational 
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iMg. 4. Sponge pc fermentation for a low protein flout, without and with 0.0S% 
NH«H >P0< respectively 



field. A one-to-one correspondence existed between the instantaneous 
rate of gas production and the height of water above the orifice, which 
was thus taken as a measure of the former. A recording device was 
used, but mechanical difficulties were troublesome. However, read¬ 
ings taken at intervals and plotted against time showed characteristic 
waves and peaks in some cases, which confirmed results obtained at 
these Laboratories on rate changes taking place during transference 
of the fermentation from one sugar to another. These peaks were 
later identified with specific dough conditions by Larmour and Bcrg- 
steinson (1936). 

In order to achieve sufficient sensitivity the principle of the differ¬ 
ential manometer was adapted to this problem, and an optical recording 
system was developed. The apparatus is shown diagrammatically in 
Figure 1. Any desired degree of sensitivity can be obtained, and 
individual bubble bursts from the surface of the dough recorded. In 
effect, this represents the 41 noise level” of the dough: equalization of 
random inequalities of pressure just beneath the surface. The appa¬ 
ratus is particularly well suited for studying the fermentation intensity 
at any moment during dough time. 

Typical Results 

Typical sponge-type fermentations at a constant temperature of 
30°C are shown in Figures 2, 3, and 4. The ordinate represents the 
rate for 6 g of yeast in all cases. Figures 2 and 3 without and with, 
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Pig 5 I aboratory sponge and earlv dough ( onstant temperature 



respectively, 0 05% NH 4 H 2 P ()4 are characteristic of high-protein flours 
(15% protein) with an adequate amount of nutrient substances The 
ammonium phosphate exerts only a slight stimulating effect in the 
later stages of fermentation 

The transference from sucrose (or hexose) fermentation to maltose 
fermentation as shown by Larmour and Rergsteinson (1936) is quite 
well marked, as is the rapid decline to the diastatic level after the supply 
of preformed and diastatically liberated sugars is exhausted. Figure 4 
shows the same type of fermentation for a low-protein flour (9%). 
Here the addition of 0 05% of NH 4 H 2 PO 4 produces a striking accelera- 
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| Fig 7 Laboratorv"sponge -ind late dough 



Fig 8 \ medium-cool (ommmul sponge and dough The dotted line gives 

the height ot the sponge m arbitrary units 


lion in the later stages, due largely to the flour’s inherent deficiency in 
available amino derivatives. The low gassing pow’er, as indicated by 
the area under the curve, is quite noticeable. 

Fermentation rate during a complete laboratory sponge and dough 
procedure (2% yeast based on total flour) at constant temperature (30°) 
is shown in Figures 5, 6, and 7. One reason for the popularity of this 
method in commercial practice is here indicated. The dough fer¬ 
mentation rates are practically identical, although sponge time is 
varied from just before the “break” in fermentation rate (sugar ex¬ 
haustion) or “drop” of the sponge, to 1}^ hours after this point. 
Addition of new foot! substances in the fresh topping flour permits the 
fermentation to proceed at its maximum rate for a considerable time 
after remixing. 
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Fig. V. A warm commercial sponge and dough. 



Fig 10 Straight-dough type of fermentation. 


But in the commercial dough the baker permits the temperature to 
vary widely during the process, and controls it by cooling during the 
re-mix—then raises it rapidly by proofing in a high-temperature proof 
box. Figures 8 and 9 show two such commercial runs, and the changed 
fermentation characteristic is quite striking. A rapidly rising rate 
during the dough stage is induced by the high temperature of the proof 
box (90°F), although the dough is still five or six degrees below this 
temperature when proof is completed. 

A characteristic straight-dough fermentation is shown in Figure 
10. The addition of 5% of sucrose to the mix eliminates the inflection 
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noted in the sponge-t\pe fernuntation, and after a single maximum is 
reached the rate graduallv declines, the deceleration depending on the 
acce*ssoi\ \cast food factors in the dough at that time The current 
interest in sugar substitutes makes it peitinemt to inquire concerning 
the effect of other sugars Figure 11 shows the effeet of malt s\rup 
and Figure 12 that of pure maltose The effect is not pronounced in 
the sponge and dough process, but those bakers utilizing the straight- 
dough method ma\ observe some differences 
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Summary 

A sensitive recording differential manometer used to measure rates 
of gas flow is described and fermentation rate curves obtained under 
various conditions are presented. The transference of fermentation 
from sucrose to maltose in sponge fermentation is illustrated. A rising 
fermentation rate is characteristic of the dough stage in commercial 
sponge and dough procedures, which differs from laboratory fermenta¬ 
tions at constant temperature. 
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SELENIUM DISTRIBUTION IN MILLED 
SELENIFEROUS WHEATS 1 

A. L. Moxon , 2 O. E. Olson / 2 E. I. Whitehead , 2 
R. J. Hilmok , 2 and Stewart N. White 3 

(Received for publication November 23, 1942) 

The first published report that wheat contained selenium was made 
by Robinson (1933) after he had analyzed wheat that Franke (1934) 
had found to be toxic to animals. Although this first report involved 
wheat that had been grown in South Dakota, subsequent reports have 
shown that seleniferous vegetation occurs in many parts of the world. 
Robinson (1936) has reported the selenium content of wheat grown in 
South America and other parts of the world. Byers and Lakin (1939), 
Thorvaldson and Johnson (1940), and Williams, Lakin, and Byers 
(1941) have reported on the .selenium content of wheat from Canada. 
Lakin and Byers (1941 and 1941a) and Williams, Lakin, and Byers 
(1941) have reported seleniferous vegetation in most of the states west 
of the Mississippi river. 

1 Approved for publication by the Director of the South Dakota Agricultural Experiment Station, 
as contribution No. 169 of the Journal Series. 

* South Dakota Agricultural Experiment Station, Brookings, South Dakota. 

* Tri-State Milling Company, Rapid City, South Dakota. 
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Although there are a few localized areas in South Dakota that pro¬ 
duce highly seleniferous vegetation, most of the seleniferous areas in 
this state produce wheat of about the same selenium content as that 
grown in seleniferous areas of other Great Plains and western states. 

Even though the occurrence of selenium in wheat is rather wide¬ 
spread, it appears that the selenium analyses of the milled products of 
only one experimentally milled sample of seleniferous wheat have been 
published. This sample was milled in 1931 4 for bioassay studies and 
the selenium analyses were made at a later date and published by 
Painter and Franke (1940). Horn, Nelson, and Jones (1936) studied 
the distribution of the toxic factor in the various fractions of milled 
seleniferous wheat but did not report the selenium content of the frac¬ 
tions. They reported that the toxic factor was quite evenly distributed 
in the various fractions, whereas the analysis of the milled sample 
(Painter and Franke, 1940) indicated that the selenium content of the 
bran and the middlings was much higher than that of the flour. Since 
the method described by Klein (1941) for determining selenium is much 
more accurate than methods used heretofore for plant materials, it 
seemed desirable to investigate the distribution of selenium in a few 
experimentally milled seleniferous wheats. 

Experimental 

Four samples of dark northern spring wheat grown in seleniferous 
areas of the state in 1941 were milled. The samples were prepared for 
milling by scalping and dry scouring. The clean dry wheat was made 
up to 16% moisture 4 with water at 40°C and tempered for 18 hours. 

The* milling was carrieel out on a Buhler experimental mill, 6 which 
is a three-break and three-reduction mill. The first break, second 
break, and third break are clothed w r ith 28 w r ire, 36 wire, and 40 wire, 
respectively, and in addition each has a 10X X silk. The first and sec¬ 
ond reductions are clothed with a 44 ware and a 54 wire scalp and 
each have two 10XX silks. The third reduction has a 10XX silk. 
The degree of grineling was set for good milling practice, yield, and 
clean-up. The milling-room. temperature was 80°F with a relative 
humidity of 55%. 

The fractions w T ere all analyzed for moisture and selenium, and the 
fractions from sample No. IV were also anal) zed for nitrogen (Kjel- 
dahl) and sulfur. 

Selenium was determined by the method described by Klein (1941) 
with a few minor modifications. Sulfur was determined by the Parr 
Bomb method (1939), and Kjeldahl nitrogen determinations were 
made with copper sulfate as the catalyst. 

* Milled by Dr. C. H. Bailey, Division of Agricultural Biochemistry, University of Minnesota. 

‘Located m the laboratories of the Tri-State Milling Co., Rapid City, S. D. 
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TABLE I 

The Percentage of Whole Samplf in Each Mill Fraction 
(Moisture-free basis) 


Fractions 

Wheat number 

1 

II 

III 

IV 


% 

% 

% 

% 

First-break flour 

6.9 

8.8 j 

40 

6.4 

Second-break flour 

3.8 

3.4 

2.5 

3.1 

Third-break flour 

1.8 

1.6 

1.3 

1.5 

First-reduction flour 

37.2 

36.5 

23.7 

33.8 

Second-reduction flour 

14.1 

14.0 

186 

17.6 

Third-reduction flour 

2.8 

2.8 

9.5 

4.9 

Bran 

26.2 

24.9 

26.8 

24.3 

Shorts 

7.2 

8.0 

13.7 

8.3 


TABLE II 

Selenium Concfni ration in Mill Fractions 

(Parts per million, rhoisturc-frec basis) 


Wheat number 


Fractions 



I 

II 

III 

IV 


ppm 

ppm 

ppm 

ppm 

First-break flour 

4.1 

5 4 

51.4 

20.1 

Second-break flour 

4.7 

5.8 

56.7 

21.1 

Third-break flour 

4.8 

5.7 

62.5 

20.3 

First-reduction flour 

3.8 

3.4 

52.9 

19.0 

Second-reduction flour 

4.6 

\ 3 

52 9 

19.0 

Third-reduction flour 

4.4 

3 8 

55.4 

17.2 

Bran 

5 9 

8.7 

88 4 

33.4 

Shorts 

5.5 

6.3 

77.2 

24.8 

Wheat 1 

4 8 

5.8 

6L0 

2*3 


‘Fractions recombined on percentage basis (Table I), caretulh mixed and analyzed 


TABLE III 

Percentage of Total Selenium in Each Mill Fraction 
(Moisture-free basis) 


Fractions 

i 

| Wheat number 

i 

n 

III 

IV 


9r 


r /* 

% 

First-break flour 

5.98 

8.90 

3.01 

5.60 

Second-break flour 

3.85 

3.71 

2.18 

2.82 

Third-break flour 

1.92 

1.67 

1.17 

1.30 

First-reduction flour 

30.13 

23.01 

19.01 

27.86 

Second-reduction flour 

13.89 

11.13 

14 72 

14.50 

Third-reduction flour 

2.56 

2.04 

7.98 

3.65 

Bran 

33.12 

40.26 

35.87 

35.24 

Shorts 

8.55 

9.28 

16.06 

9.03 
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Results and Discussion 

Table I shows the percentage yields of the various milled fractions. 
The percentage of bran from each sample was fairly constant, but there 
was considerable variation in the other fractions, undoubtedly due to 
the differences in the milling qualities of the wheats. 

Table II shows the concentration of selenium in each fraction for 
the four different samples. There was a great difference in the sele¬ 
nium concentration in the different fractions. The bran was highest 
in selenium content in all cases and was likewise highest in nitrogen 
(Table IV), which probably explains the reason for the high selenium 
content, because it has been shown that the selenium is closely asso¬ 
ciated with the proteins of wheat. Table III shows the percentage 
of the total selenium occurring in each milled fraction. 

The average selenium content of all the flour fractions, the selenium 
content of the patent flour, and the percentage of patent flour are 
shown in Table IV. Table V shows the nitrogen-selenium, sulfur- 

TABLE IV 
Sru NIVM in Flolr 
(Baits pei million, moisture-ftec basis) 


\\ heat number 


Fiat turns 



I 

II 

Ill 

IV 

All flout fractions 

4 1 

4.05 

51.58 

19 06 

Patent flour 1 

4 08 

4 02 

53 26 

19 09 

Percent patent 

95.9 

1 

96 * 

! 

92.6 

92.9 


1 Patent flour - first and second bleak fiat turns fust and second reduction fractions, and two- 
thirds ot the thud reduction fraction 


I'VBLE V 

NnRi)(,l N, Sui ! I R, AND Si LTNIUM IN VVRIOUS FRACTIONS 

oi Milli n Whkat (Sympu IV) 


F i act ions 

Pei cent 
of 

total 

Nitro 

gen 

(mois 

tuie 

free) 

Sullur 

(mois¬ 

ture 

lree) 

Sole 
mu ni 
(mots 
tu re 
tree) 

N /So 1 

S'Sc 1 

N/S‘ 


< t 

< • 


ppm 

moles 

moles 

moles 

First-break flour 

6.4 

2 50 

0.190 

20.1 

6,999 

233 

30 

Second-break flour 

3.1 

2.84 

0.209 

21.1 

7,64.1 

246 

31 

Third-break flour 

1 5 

3.14 

0.230 

20 3 

8,936 

290 

31 

First reduction flout 

33.8 

2.43 

0.177 

19.0 

7,212 

229 

31 

Second-reduction flour 

17 6 

2 39 

0.186 

19.0 

7,109 

241 

29 

Third-reduction flour 

4.9 

2.56 

0.187 

17.2 

8,393 

270 

31 

Bran 

24.3 

3.36 

0.270 

33.4 

5,667 

199 

28 

Shorts and red dog 

8.4 

2 93 

0.236 

24.8 

6,670 

234 

28 

Total 

100.0 

— 

— 

— 

— 

— 

— 

Whole grain 

100.0 

2.76 

0.203 

23.3 

6,681 

215 

31 


A Molecular weights used, sulfur, 32.06, selenium, 78.96, nitrogen, 14.00 
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selenium, and nitrogen-sulfur ratios for Sample IV. These results are 
in close agreement with those published by Painter and Franke (1940). 

Samples I, II, and III are below the 1941 state average in protein 
content, while Sample IV is above the average with 15.73% of protein 
(N X 5.70). The first three samples contained 13.71%, 13.45%, and 
12.80% of protein, respectively. 

The average protein content of 13,351 samples of 1941 spring wheat 
from all parts of the state was 14.23% (N X 5.70). 6 

Summary 

Four samples of seleniferous wheat have been milled in an experi¬ 
mental mill and the distribution of selenium in the milled fractions 
has been determined. Nitrogen-selenium, sulfur-selenium, and nitro¬ 
gen-sulfur ratios have also been determined for one of the samples. 
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FRACTIONATING AND RECONSTITUTING TECHNIQUES AS 
TOOLS IN WHEAT FLOUR RESEARCH 1 

Karl F. Finney 2 

(Received for publication October 12, 1942) 

Many studies have been made to determine the relative importance 
of various constituents and fractions of flours differing in bread-making 
potentialities and properties. Some workers have attempted to corre¬ 
late flour quality differences with physical and chemical characteristics 
of their starches. Others have worked entirely with the flour proteins 
or gluten fractions. An important conclusion is that there is con¬ 
siderable lack of agreement as to whici. constituent of fraction of the 
flour is responsible for the differences in quality and properties of 
the many wheat varieties. 

A procedure used in the past has been to separate the gluten and 
starch by washing with water, after which the two fractions were 
recombined in various ways to produce a flour or c'mgh which was 
then baked into bread. The validity of this procedure aepends on the 
assumption that the characteristics of the gluten and starch were not 
materially altered and that no essential constituents were lost in the 
wash water. In fractionating and reconstituting studies carried out 
in this laboratory, the constituents contained in the wash water were 
recovered and in many instances recombined with the gluten and starch 
fractions, thus giving a dough containing all the constituents originally 
present in the flour. 

This technique has been used (1) to locate the constituent respon¬ 
sible for flour quality and for the oxidation or bromate requirement of 
flour, (2) to determine the function and importance of the water- 
soluble fraction, and (3) to study the relation between loaf volume and 
protein content in flours of abnormal protein levels, especially from 
0% to 8%. The purpose of this paper is to present preliminary data 
that have been obtained regarding these problems. 

Literature Review 

Morea (1937) used the wet gluten separated from ordinary baker’s 
sponge to fortify various bakery products, with beneficial results. 

Aitken and Geddes (1938) prepared dry glutens by employing a 
drying temperature of 32°C and a rapid air flow. After reducing the 
glutens from weak, intermediate, and strong wheats to a flourlike 

1 The studies herein repented are a part of the cooperative work carried on by the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Agri¬ 
cultural Experiment Stations of the Great Plains Region. Published as contribution No. 88 of the 
Department of Milling Indust!y, Kansas Agricultural Experiment Station. 

* Associate Chemist, Hard Winter Wheat Quality Laboratoiy, Bureau of Plant Indu.stiy, U. S. 
Dept, of Agriculture, Kansas Agricultural Experiment Station, Manhattan, Kansas. 
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fineness, they fortified the original flours with the corresponding glutens 
in such a manner as to equalize their protein contents. Thus they 
expected to compare more accurately their relative gluien qualities. 
The additions of dry gluten resulted in decided improvement in dough¬ 
handling properties and loaf appearance, as well as increases in loaf 
volume and absorption. The crumb texture was either unimpaired or 
improved but the crumb color was more ycilow or grayish-yellow. 
Later (1939) they prepared seven flours hanging in protein content 
from 10.5% to 22.7% by enriching the tawest-protein flour with dried 
gluten. These protein-fortified flours were employed to study the 
relation between loaf volume and protein content over a wide range 
without introducing differences in protein character. 

Sandstedt, Jolitz, and Blish (1939) recombined wheat starch and 
gluten to form doughs which were regarded as similar in baking char¬ 
acteristics to the original flour doughs. 

Harris (1940) states that the method of drying wet crude gluten 
as described by Aitken and Geddes (1938) proved entirely feasible, 
although there was some evidence of alteration in the properties of the 
dried glutens. 

In all of the above studies the water-soluble fraction, necessarily 
removed in washing the gluten, was discarded. 

Material and Methods 

Three varieties of wheat, Thatcher, Kharkof, and Chiefkan, known 
to differ greatly in baking quality characteristics, were used in these 
studies. Thatcher is a widely grown spring wheat and generally rec¬ 
ognized as of excellent quality for bread. Kharkof is typical of the 
winter wheat grown in the hard winter wheat region and is also known 
for its good quality characteristics. Chiefkan is generally regarded 
as being unsatisfactory for bread and in this laboratory has been found 
to differ materially in quality characteristics from other hard red 
winter varieties. The Thatcher used in these studies was a composite 
lot made up of four samples of grain grown in the Northern Great 
Plains and supplied by the Northwest (Top Improvement Association. 
The flour milled from it contained 14.9% protein. The Kharkof and 
Chiefkan were also composite lots of grain grown in comparable experi¬ 
mental trials in the hard red winter wheat region; flours from these 
wheats contained 15.8% and 14.8% protein, respectively. The vari¬ 
ous flours were stored at a temperature of 2° to 5°C previous to use 
in these studies. 

The general procedure consisted of mixing the flours for minute 
immediately after removal from storage with sufficient distilled water 
(also at a temperature of 2° to 5°C) to make a dough of the desired 
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consistency and then permitting the doughs to stand for IS minutes 
at 2°C to permit hydration. Each dough was then separated into 
three fractions: gluten, starch, and water-soluble material. These 
fractions were then recombined in their original proportions and in 
various ways, and the doughs baked into bread by the usual methods 
used in this laboratory. 

A further fractionation of the glutens from Kharkof and Chiefkan 
was made by extracting with ethanol alone, petroleum ether alone, 
and with several portions of ethanol followed by several portions of 
petroleum ether. The fatty residues were reclaimed after the solvents 
were evaporated in a strong current of air at room temperature. Each 
of the three fatty residues thus obtained from Kharkof gluten was 
then recombined with the corresponding Chiefkan fat-free gluten, 
starch, and water-soluble fractions, in their original proportions. 
Similarly each of the three Chiefkan fatty residues was recombined 
with its corresponding Kharkof fat-free gluten, starch, and water- 
soluble fraction. The amount of ground gluten necessary to give a 
flour having the same protein and total solids as the original (Table I) 
was extracted with each solvent or combination of solvents. The 
fatty residue from each extraction was added back to the reconstituted 
flour after it was dissolved in the 3 g of shortening, which was the 
amount used in the baking formula for each 100 g of flour. The 
original flours were also baked into bread for comparison. 

The pertinent characteristics of the baking method were: a mixing 
time considered suitable for each variety, a rich formula containing 
dried skim milk, and, in most cases, sufficient bromate to meet the 
requirements of each varietx (2 to 4 mg of KBrOa). Additional bakes 
were also made with different amounts of bromate. In general, single 
bakes were made because of the difficulties of preparing materials, but 
the agreement and orderliness of the results indicate their reliability. 

In the separation of doughs into various fractions, they were washed 
with six 75-ml and two 50-ml portions of cold distilled water (2° to 
5°C). Each washing was strained through a 40GG flour cloth. The 
water with its soluble contents was separated from the starch by 
centrifuging. The liquid fraction, after standing an hour at 2°C to 
remove foam, was evaporated to a syrupy consistency under reduced 
pressure at 18° to 20°(\ Evaporation was effected by using a water- 
cooled condenser (1^-inch diameter) within a large tube (1 J-inch diam¬ 
eter) which was surrounded by an ice bath. The rate of evaporation 
was 250 ml per hour. The centrifuged moist starch was dried at room 
temperature with the aid of an electric fan. Frequent subdividing 
and mixing accelerated drying, which was accomplished in approxi¬ 
mately 4 hours. After drying to about 14% moisture the starch was 
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ground in a Hobart mill to pass through a 10XX flour cloth. When 
cut into small pieces and spread on waxed paper in front of a fan, 
the gluten dried in 4 to 6 hours. The dry gluten was ground in a 
Hobart mill to pass through a 70GG flour cloth; 60% to 75% of it 
was fine enough to pass through a 10XX flour cloth. All products 
were stored at 2°C until used. 

It is important that the approximate temperature conditions speci¬ 
fied be observed if an unaltered water-soluble fraction is to be obtained. 
The gluten should be ground to fineness approaching that of flour in 
order to insure normal hydration and consequently normal develop¬ 
ment of the reconstituted dough during mixing. 

Experimental Studies 

Thiee more or less separate studies were carried out over a period 
of several weeks with the material and methods previously described. 
The first was designed to locate the factors responsible for flour quality. 
The second was for the purpose of determining the importance and 
function of the water-soluble fraction, particularly as related to oxida¬ 
tion or bromate requirement of flour. The third was designed to 
study the relation between loaf volume and protein content at ab¬ 
normal protein levels, especially from 0% to 8%. The loaves shown 
in any one figure were all baked on the same day. 

Similarity Between Original and Reconstituted Doughs 

For a wheat-flour fractionating technique to be of value, each of 
the fractions must retain its original characteristics to the extent that 
when a flour is reconstituted and the usual baking ingredients added, 


TABLE 1 

Data ior Original and Rhconstitutld Doughs 


Variety 

See 
b igute 

Original 

dough 

Loaf volume 

Reconstituted 

dough 



rc 

cc 

Khai kof 

1 

955 

945 

Kharkot 

2 

985 

990, 960, 990 

Kharkof 

4 

950 

955 

Chief kan 

i 

775 

760 

Chiefkan 

2 

815 

820, 800, 815 

Chijfkan 

4 

780 

760 

Thatcher 

3 

975 

970 


it will yield a dough and loaf of bread identical (within experimental 
error) with that obtained from the original flour. The data in Table I 
are presented to show that such was the case for the fractionating 
studies reported herein. 
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The standard deviation for loaf volume between two replicates 
baked in this laboratory on different days is approximately 15 cc. 
Therefore, since the volumes in Table I represent single loaves, a 
difference of approximately 30 cc between the volume of the check 
and each reconstituted loaf would be required for significance. In no 
case did the difference reach this magnitude. The average difference 
was 7 cc in favor of the original flours, which is considerably below the 
level of significance. The loaves are showm in Figures 1, 2, 3, and 4. 

It should be noted that the data in the different figures are not 
always strictly comparable. The yeast used in the bakes illustrated 
in Figures 1 and 4 produced a loaf volume of 915 cc with a standard 
flour, while that used for the loaves illustrated in Figure 2 produced 
a loaf volume of 950 cc with the same flour. The higher loaf volumes 
of Figure 2, obtained for Kharkof and Chiefkan, are almost certainly 
due to the greater strength or dough-developing ability of the yeast 
used, as shown by Finney and Barmore. 3 

Location of Flour Quality and Exchange of Fatty Material from 
Gluten Fractions of Varieties Differing in Quality 

The two Kharkof and Chiefkan flours previously described were 
separated into starch, gluten, and water-soluble portions for the pur¬ 
pose of determining the fraction responsible for their quality differ¬ 
ences. The analyst's of the fractions obtained from Kharkof and the 
amounts list'd for reconstitution art* given in Table II. The analyses 

TABLE II 

\nvlysis or Fraciions Ohiainti) i-rom Kiurkoi Flour and Amounts 
l T sri> roR Riconsiiiuiion 



l 

! 


Amount u*ed 

Protein in 

Material 

: 

Moisture 

Protein 

\s IS 

L)i v 

amount 

used 


1 < 

1 < 

K 

« 

g 

Start h 

14.3 

0.83 

76 3 

65.3 

0.63 

Gluten 

9.6 

72.50 

19.9 

18.0 

14.42 

Water-soluble material 

90.6 

2.24 

34.2 

1 3.2 

0.75 

Reconstituted flour 

— 

15.80 

— 

86.5 

15.80 

Original flour 

13.9 

15.80 

100.5 

86.5 

15.80 


for the other varieties differed only in that the amounts of protein 
in the starch, gluten, and water-soluble fractions of Chiefkan were 
less than those in the corresponding fractions of Kharkof, while for 
Thatcher they were greater. The baking results for the reconstituted 
doughs in which the Kharkof and Chiefkan fractions were interchanged 
one at a time are shown in Figure 1. 

* Paper piesented at the 28th Annual Meeting of the \ A C C„ Chicago, 1042. *n press. 
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The results show that the recognized differences in quality be¬ 
tween these two varieties were entirely accounted for by differences 
in their gluten fractions. Thus Kharkof with C'hiefkan gluten (Loaf 4) 
was far poorer than the original Kharkof (Loaf 1) or the fully recon¬ 
stituted Kharkof (Loaf 2), and equal within the limits of random error 
to the original C'hiefkan (Loaf 8). Similarly, Chiefkan with Kharkof 

kiurkok 



955 cc 945 tc 950 cc 765 to 940 cc 

Check Reconstituted Reconstituted Reconstituted Reconstituted 

C'hiefkan C'hiefkan C'hietkan 

HO-Solub Gluten Starch 

C'HIEFK \\ 



775 cc 760 ci 9*0 cc 7X0 cc 

Check Reconstituted Kt constituted Reconstituted 

Kharkof khaikoi 

Gluten Starch 

Fig 1 Loaf volumes and inside charat teristit s obtained hom lec onstiluted doughs in wlm h the 
Kharkof and C hietkan tractions were tnteichanged one at a time 


gluten (Loaf 10) was far better than either the original or the fully 
reconstituted C'hiefkan (Loaves 7 and 8) and almost equal to the 
original and fully reconstituted Kharkof (Loaves 1 and 2). The lower 
volume* of Loaf 10, compared to Loaves 1 and 2, is easily accounted 
for by the fact that the Chiefkan water-soluble and starch fractions 
each contained about 0.6% of protein, which had a lower loaf-volume- 
producing ability of 15 to 20 cc than did the same amount of Kharkof 
protein. (The regression of loaf volume and protein content for 
Kharkof was about 60 cc for each percent of protein, while that for 
C'hiefkan was about 30 cc ) 

Comparisons made with starch and water-soluble fractions inter¬ 
changed were in accord with those described above. Thus Kharkof 
with Chiefkan starch (Loaf 5) was substantially equal to the original 
and to the reconstituted Kharkof, and the C'hiefkan with Kharkof 
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starch (Loaf 11) was substantially the same as the original and fully 
reconstituted Chiefkan. Also Kharkof with the water-soluble fraction 
from Chiefkan (Loaf 3) was equal to the original and fully reconsti¬ 
tuted Kharkof. Such differences as appeared were clearly within the 
limits of experimental error, or can be accounted for by lower loaf- 
volume-producing ability of the protein contained in the Chiefkan 
starch and water-soluble fractions. 


R*covs»muibi> Chielfkw (Ekclpi 10) 
C'ONIAININC. INDICAILD EXTRACT OF kHARROp’S GlI ILN 



815 (( IN 820 (( 800 <c 815 cc 

( hidkanil 4 « | \lcohol and \Wohol Peti Ether 

( heck | 4 Petr Ether 


RtlONSIIlUlH) KHARROF (EXCM'I 9) 

( ONIUV1NG Induatk) Extr\ct or tHiri-Kw'S. GUMRS 



<>85 (1 0«>() U 000 (C 000 tc 

kharkol \lcohol md \l<ohol Pen Ether 

(heck Pitt Ethel 


Fir 2 I oaf volumes and inside that at tenants obtained Irom it constituted Chictkan and Kharkof 
doughs alter the tatty materals extrai ted from then glutens weie interchanged 

It has been suggested that baking-quality differences between vari¬ 
eties may be due to the amount or composition of the fatty material. 
However, if the fatty material of (lour has anything to do with the 
superior bread-making capacity of Kharkof, compared to that of 
Chiefkan, it must be the fat remaining in the washed gluten, since the 
data just presented located qualit\ in the gluten fraction. Therefore, 
to obtain information regarding this question and to isolate flour 
quality further, the technique of fractionating and reconstituting was 
applied so that the fat extracted with ethanol and petroleum ether 
from the gluten of one variety was replaced by the similarly extracted 
fat of the other in the reconstituted doughs. The results are shown 
in Figure 2. 
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The top row of Figure 2 shows that the volumes and inside charac¬ 
teristics for the three reconstituted Chiefkan loaves (Nos. 6, 7, and 8) 
containing the fatty material extracted from Kharkof gluten are equal 
to those for the Chiefkan check (Loaf 10), within the limits of experi¬ 
mental error. Likewise when the fat extracted from Chiefkan gluten 
was substituted for the Kharkof fat in the reconstituted Kharkof 
loaves (Nos. 3, 4, and 5) the loaf volumes and inside characteristics 
were equal to those of the check (Loaf 9). 


THATCHER 



975 cc 970 cc 690 cc 

Check Reconstituted No HiO-Soluble 

No KBrOi No KBrOa No KBrOi 


KHARKOF 



640 cc 810 cc 990 cc 

Check ^Thatcher Check 

No KBrOa HaO-Soluble 4 mg KBrOa 

| No KBrOa 

Fig. 3. Loaf volumes andlmside characteristics of loaves obtained in experiments with the water- 

soluble liaction of 'I hatcher 


Thus neither the ethanol, the petroleum ether, nor the ethanol and 
petroleum ether extracts from the Kharkof and Chiefkan gluten frac¬ 
tions account for the difference in baking quality of the two varieties. 
These results, when considered with those associating quality with the 
gluten fraction, indicate that the extracted glutens contain the mate¬ 
rial responsible for their quality difference. A further study involving 
the purification of the gluten proteins is under way. 
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Importance and Function of Water-Soluble Fraction 

The importance and function of the water-soluble fraction were 
also considered in a preliminary study. Thatcher was included, to¬ 
gether with Kharkof and Chiefkan, in order to have represented the 
extremes in baking potentialities and in physical and chemical proper¬ 
ties, such as bromate requirement, dough-handling properties, and 
mixing time. Flours of the three varieties were separated into starch, 
gluten, and water-soluble fractions as before and fractions of each were 
recombined to produce doughs with and without the water-soluble 


KH\RKOF 

4 mg KBrOa except Loaf 5 


- ,v.,, 

• ^ * 
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9 SO cc 

955 cc 

965 cc 

960 cc 

795 cc 

C heck 

Reconstituted i HjO Soluble No HO Soluble 

( HIEI K^N 

4 mg KB 1 O 4 except Loaf 11 

No HjO Soluble 

No KBrOa 

.. •*>****».., 

' t ... .. 

'S, 



V 

7 

8 

9 

10 

11 

780 tc 

760 (C 

740 ct 

715 cc 

630 cc 

Check 

Reionstituted 

i HjO Soluble 

No HjO Soluble 

No HjO Soluble 


No KBrOa 

Fig 4 Loaf volumes and outside chat acteustics of loa\es from reconstituted Kharkof and Chiefkan 
doughs containing different amounts of their water soluble fractions 

fractions. Also Chiefkan and Kharkof were reconstituted with half 
the water-soluble fractions. In one experiment water-soluble material 
from Thatcher was substituted for that of Kharkof. In certain cases 
bakes were made with and without bromate. The results are shown 
in Figures 3 and 4. 

The reconstituted Thatcher containing no water-soluble material 
(Fig. 3, Loaf 7) gave a volume of 690 cc, which was 285 cc less than 
that for the Thatcher check. In other words, recombining the 
Thatcher starch and gluten alone gave a reconstituted dough far 
inferior to the original. A somewhat similar result w r as secured with 
Chiefkan (Loaves 7 to 10, Fig. 4), but the reduction in volume caused 
by omission of the water-soluble material was much less. Omission 
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of the water-soluble material in Kharkof (Loaves 1 to 4, Fig. 4) caused 
no reduction in volume whatever. These data suggest that the water- 
soluble material plays a much more important role in Thatcher than 
it does in the winter varieties Kharkof and Chiefkan. 

The reconstituted Thatcher dough (Loaf 7, Fig. 3) was quite 
normal when mixed, but during fermentation became progressively 
more bucky. At the time of panning it behaved as though it had 
been heavily overbromated. The inside appearance of the loaf testi¬ 
fied to the tightness of the dough and this tightness is further indicated 
by the proof heights given in Table III, together with those of Kharkof 

TABLE III 

EFFFCT OF W VTLR-SOLl RLF FRACTION 0\ PROOF HFICiHIS OF DOUGHS 

pRooirn for 55 MiNurrs 


I real ment 

kharkot 

1‘toot height 

( hiefkun 

F halt hr 

Check 

i m 

7.0 

t m 

6.0 

< m 

7.2 

Reconstituted with normal amount water-soluble 
material 

7.0 

6 8 

7.1 

Reconstituted with Yi normal amount water-soluble 
material 

7.1 

66 

. 

Reconstituted with no water-soluble material 

6.8 

6 l 

62 


and Chiefkan. The external appearance of the Chiefkan without the 
water-soluble fraction (Loaf 10, Fig. 4) indicated a tight dough such 
as is usually obtained bv employing too much Inornate. In this cast' 
also the observed tightness is supported b\ the proof heights, which 
indicate ease of expansion. The* proof-height data and the (lough- 
handling properties suggest that the water-soluble fraction functions 
as a protein-softening or conditioning material 

Loaves 2 and l(f of Figurt 3 represent Kharkof without bromate 
and with 4 mg of KBK) 3 , respectively. Loaf 8, from a reconstituted 
Kharkof dough containing tin water-soluble fraction from Thatcher 
and no bromate, is typical of the bread obtain'd from Kharkof dough 
containing about \ \ mg of bromate. This suggests that the water- 
soluble fraction from Thatcher had gieater oxidizing properties than 
similar material from Kharkof. The loaf-volume and inside charac¬ 
teristics of Thatcher with no Inornate (Loaf 5, Fig. 3j when compared 
to those of Kharkot with no bromate (Loaf 2, Fig. 3) and with 4 mg 
of bromate (Loaf 10, Fig. 3) illustrate the marked difference in bromate 
requirement of spring and winter varieties. 

Loaf 5 of Figure 4 was obtained from a reconstituted Kharkof 
dough containing no water-soluble material and no bromate. Its 



May, 1943 


KARL F. FINNEY 


391 


volume (795 cc) is 155 cc larger than the Kharkof check in Figure 3 
(Loaf 2), which also was baked without bromate and is typical of the 
bread usually obtained from Kharkof with 1 to mg of bromate. 
In a similar manner Chiefkan with no water-soluble fraction and no 
bromate (Loaf 11, Fig. 4) produced a loaf 30 cc larger than that ob¬ 
tained with the original Chiefkan flour and no bromate (not shown). 
These results suggest that the water-soluble material has a reducing 
action. They might also be interpreted as indicating that, for those 
varieties with larger bromate requirements, such as Kharkof, and to 
a lesser degree Chiefkan, there is contained in the water-soluble frac¬ 
tion much more of that reducing constituent required for a proper 
conditioning of the dough than is contained in the water-soluble frac¬ 
tion obtained from such varieties as Thatcher, which is characterized 
by a small bromate requirement. Whether this is a general relation 
or is peculiar to the three varieties studied herein must await further 
study. 

Data obtained b\ Finnev and Barmore 1 and bv Barmore, Finney, 
and MrCluggage (1941), show that within a variety the bromate 
requirement increases as the protein content rises. I'o determine 
whether this increase in bromate requirement is due to the water- 
soluble fraction, sonic preliminarx experiments were carried out in 
which exceptional!) high protein levels wen* obtained by fortifying 
the original flour with gluten. For this stud), to each of three flours 
from Kharkof, Chiefkan, and Thatcher there were added 3, 6, and 0 g 
of their corresponding glutens Tin* amount of flour fortified in every 
case was Mich as to give 100 g of the fortified product. Each of the 
threi Kharkof gluten-fortified flouts was baked with 4 mg of KBK> 3 , 
and with additional amounts of tin* Kharkof water-soluble fraction in 
ptoportion to the quantilv of gluten protein that was added. Thus 
for 100 g of flour \ielding 20 g of drv gluten and 30 g of w ater-soluble 
material, there was added for each 3 g of gluten 3 20 of 30 or 4.5 g of 
tin* water-soluble fraction Three identical gluten-fortified flours were 
also baked with the added water-soluble fraction but with 5 mg of 
bromate for the first addition of gluten and 6 ing for the second and 
third additions. The three gluten-fortified Kharkof flours wen* baked 
a third time without added water-soluble material and with only 
4 mg of KHrOa. 

Chiefkan and Thatcher were treated in a similar manner, the same 
increments of bromate being used for Chiefkan as were used for 
Kharkof. For Thatcher, however, 2 mg of bromate was used where 
4 mg was used for Kharkof, and 2\ mg was used for the first and second 

4 PinMMitcd at the 25th and 27th Annual Meetings ot the A. C i .. 1939 and 194t, Ivauias City 
and Omaha, respectively 
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gluten additions and 3 mg for the third. One lot of flour of each 
variety was included in which the protein level was reduced by adding 
starch. The results are shown in Figure S. 

In all cases the highest loaf volumes were obtained when additional 
bromate and water-soluble material were added to the gluten-fortified 
flours. Additional water-soluble material without additional bromate 
(at the higher protein levels) produced almost identical results with 
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Fig 5 Results of experiments with the Wdter-»nluble fraction and KBrOa at the higher protein lc\cl* 
obtained by adding gluten to the original flour. 


Thatcher, but for Kharkof and Chiefkan the loaf volumes were mate¬ 
rially lower. On the contrary, when neither bromate nor water- 
soluble materials were added there was no reduction in loaf volume 
with Kharkof, practically none w r ith Chiefkan, but a material reduc¬ 
tion with Thatcher. The results are in accord w ith those presented 
above in suggesting that the water-soluble fractions contain materials 
associated with the bromate requirement of the flour. 

Loaf Volume at Abnormal Protein Levels 

l-oaf-volume and protein-content data obtained in this laboratory 
with numerous hard winter and hard spring wheat flours have given 
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regression lines which, when extrapolated, cross at a protein content 
of 7% to 8%. On this basis the illogical conclusion could be drawn 
that varieties considered of poor quality at the medium and high 
protein levels are superior in quality at low protein levels. To clarify 
this question the technique of fractionating and reconstituting flour 
was applied to obtain flours both above and below the protein range 
usually encountered. Another objective was to determine whether 
the relation is completely linear or slightly curvilinear over the normal 
protein range. 



b'W 6 1 lu* relation ol loat \olurm am) protein <untent it^ng tiactionation and rei institution methods 

in making up the dour dough> 

Aii even more important application of this technique was designed 
to find the extent to which the regression coefficient, or loaf-volume cor¬ 
rection factor, is related to the protein content and loaf volume. 

In this study tin* separate fractions of starch, protein, and water- 
soluble material from each of the three varieties previously described 
were added back to the flour from which they were obtained in such 
a manner as to produce flours varying in protein content from about 
1.5% to 21%. The results for this study are shown graphically in 
Figure 6. Figure 7 shows the inside characteristics of the loaves rep¬ 
resenting the Kharkof and Chiefkan series. 

Figure 6 shows that the lines do not cross in the low-protein levels 
but instead become definitely curvilinear below about 7% and meet 
at 0% protein and about 275 cc loaf volume. 
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The slopes of the regression lines between the limits of about 8% 
and 20% protein are approximately 67, 48, and 76 for Kharkof, 
Chiefkan, and Thatcher, respectively. The lines with slopes of 90 
and 30 have also been drawn in to complete the picture for later 
reference. Within these limits the relation between protein content 
and loaf volume is practically linear. Thus the regression coefficient, 
or correction factor for protein content, can be applied over the range 
of approximately S ( \ to at least 20% protein. Also, the regression 
coefficient appears to be a function of the loaf volume at any arbitrary 
protein content within this range. Therefore, one can determine the 
factor for correcting the loaf volume of any sample or variety to a 
constant protein basis by determining its protein content and loaf 
volume and then locating this point on a graph such as Figure 6. 

Figure 7 shows that for both Kharkof and Chiefkan a protein 
content of about 8 r ^ (Loaf 3 in each case) still produces loaves with 
quite normal inside and outside characteristics so clearly lacking at 
the lower protein levels. During fermentation the doughs below 8% 
protein appeared to be incapable of retaining the gas produced and 
this was evident from the porous appearance of Loaves 1 and 2. 
\ppaienth a continuous phase of protein is absent when the flour 
contains much less than 8* ( protein. 

Summary and Conclusions 

Flours of two varieties of winter wheat, Chiefkan and Kharkof, 
and of one spring wheat, Thatcher, representing a wide range in 
quality characteristics, were fractionated into starch, gluten, and 
water-soluble fractions which were then recombined in the original and 
in ditlerenl proportions and then baked into bread along wdth the 
original nonfractionated flours. Cduten fats were also extracted with 
ethanol, petroleum ether, and with ethanol followed b\ petroleum 
taller. Also the various fractions of some varieties were interchanged 
before baking. 

In other experiments the Hour protein content of the three varieties 
w as increased b\ adding varying quantities of their own gluten and 
in some cases reduced by adding starch. These* various techniques 
permitted a determination of the factors responsible for differences in 
bread quality and also a more accurate study of the relation between 
protein content and loaf volume. The results obtained appear to 
justify the following conclusions: 

By the techniques employed it is possible to fractionate flours as 
al>ovo described, recombine them in their original proportions, and 
secure bread equal to that made with the original or nonfractionated 
flour within the limits of random error. This indicates that the frac¬ 
tions were not significantly altered in making the separation. 
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The recognized differences in bread quality of Chicfkan and Khar- 
kof were entirely accounted for by differences in their gluten fractions. 

The fat extracted from Kharkof and Chiefkan gluten did not 
account for any of the difference in their baking quality. Therefore 
the glutens extracted with fat solvents still contained the material 
responsible for their quality difference. 

Omission of the water-soluble fraction in reconstituted doughs of 
Kharkof flour resulted in no reduction in loaf volume or bread quality. 
Omission of this same material in Chiefkan dough resulted in a sig¬ 
nificant loaf volume reduction. For Thatcher this volume reduction 
was extremely large. It appears that the water-soluble fractions con¬ 
tain protein-softening or conditioning materials which vary in amount 
or composition for different varieties. 

The relation between protein content and loaf volume was found 
to be substantially linear between the limits of 7% or 8% to at least 
20% protein, provided adequate amounts of bromate were used, esf>e- 
cially at the higher protein levels. Therefore the regression coeffi¬ 
cient, or loaf volume correction factor for protein content, can be 
applied within these limits. Below 7% protein the relation was defi¬ 
nitely curvilinear, all curves meeting at 0%. protein and about 275-cc 
loaf volume. 

The regression of loaf volume on protein content is different for 
different varieties and ap{>ears to bo a function of the loaf volume that 
may be produced by a variety at any arbitrar> protein level within 
the range of linearity. Therefore, one can determine the factor for 
correcting the loaf volume of a given sample to a constant protein 
basis from a knowledge of its protein content and loaf volume, thus 
eliminating the need of loaf volume data at several protein levels of 
the variety or sample in question. 
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BOOK REVIEW 


Food Manufacturing. By Saul Blumenthal. 664 pages. Chemical Publishing Co. f 

Brooklyn, N. Y. Price $7.50. 

This book contains a great deal of practical and useful information, being essen¬ 
tially a compilation of recipes and formulas pertaining to almost every known type 
of commercial food manufacture and processing. 

The author has essayed to cover so much territory that his treatment of indi¬ 
vidual topics is sometimes sketchy and incomplete. For example, on page 2 a table 
giving the relationship between steam pressure and temperature—up to 100 lbs. 
pressure—is shown, but is not related to the processing of any commodity. Similarly 
on page 3, under Desiccation (which is misspelled) no mention is made of final mois¬ 
ture content, times and temperatures to be recommended, or the necessity for scalding 
vegetables as a preliminary step. 

On page 472 the object of blanching vegetables intended for freezing is not men¬ 
tioned nor is there any statement of the proper storage temperature (important from 
the quality standpoint) for frozen fruits or vegetables. The author implies that 
frozen vegetables arc a luxury article, \* ith only a limited market. This is not entirely 
compatible with the Army’s announcement of its intention to purchase a minimum 
of 71,fXK),000 pounds in 1943 

On page 9, it is stated that fruit and tarries are free from mold after washing. 
This is an unfortunate statement. 

There is a short chapter on composition, analyses and tests of the principal food- 
stufTs and of various ingredients and flavoring materials that are of interest to the 
commercial food pr<x*essor. 

J. A Bi.rky, Western Regional Research Laboratory, 

Bureau of Agricultural and Industrial Chemistry, 
\gricultural Research Administration, 
l . S. Department of Agriculture 
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out except for footnotes, with about inch-width margins.* Place each table on a 
separate sheet. Throughout the text insert footnotes, single spaced, with a solid 
rule above and below, just below the lines in which the reference numbers occur. 
Indicate appropriate places for figures and tables by typing “(Table I)” or “(Table 
II)” etc, or “(Fig. 1)” or “(Fig. 2) M etc., in the middle of the line. Submit the 
illustrations as separate items with numbers and authors' names on the back, reduced 
to convenient size. Make a separate list of legends for illustrations. 

Tables: For tabulations use the type of arrangement found in previous 
numbers of Cfreal Chemistry. Suggestions that may be useful in simplifying and 
reducing the size of tables are as follows: Omit columns if the data represent simple 
calculations from data in other columns. Omit columns that contain only a few 
data. Omit data that arc of value only to the author. Omit columns that do not 
show significant variations. Limit tables to approximately 8 columns so that they 
can be placed horizontally on the page. If the tabulation is small and no correlation 
is shown, use a “leader” table, one without number and title. 

Line Drawings and Photographs: These should have serial figure numbers 
and legends. Submit copy on 8^ X 11-inch paper or smaller. Large graphs may 
he reduced by the photostatic or photographic process 

The author should if possible have all line drawings made by a competent drafts¬ 
man. Use the horizontal scale for independent and the vertical scale for dependent 
variables. It is usually recommended that omissions in the scales be shown by 
breaking. Symbols such as circles and triangles cannot be set in type and conse¬ 
quently must be explained in a legend on the drawing The lettering should he large 
enough so that after reduction it will be from He, to H inch high. Use a fine pen 
for coordinates and a heavier pen for the curves and borders Avoid waste space; 
make the graph neat and well balanced Enclose all sides with border lines. 

Glossy photographic prints are be^t and a width of not less than 5 inches is 
convenient The 5-inch width is a standard size and is near to page width Keep 
in mind the page width (4H inches) in arranging objects to be photographed. Use 
the vertical page dimension (7 inches) onl> in cases of necessity 

Text: The title should be specific and long enough to name the factors 
involved in the investigation Avoid unnecessary words 

The introduction and review of literature should deal only with those matters 
most closely related to the investigation. To avoid an extremely long review of 
literature the following mctluxls of elimination are suggested: (1) Cite a competent, 
recent review and let it serve in place of a similar review. (2) Consider the litcra 
ture reviewed in the order of relationship to tin problem at hand and eliminate the 
less closely related references 

Methods of statistical analysis do not require explanation Treat them as >ou 
would other standard procedures, that is, interpret the results but do not present 
the method. 

Fdit sentences with the object of reducing tire number of words. In sentence 
construction select strong specific subjects, use active verbs as much as possible, and 
delete all unnecessary modifiers. The language of technical papers is commonly a 
subject for severe criticism. 

t se center headings for the krger sections and divide long sections bv means 
of sideheads Use only these two types of subdivisions 

Always include a summary, consisting of btief unnumbered paragraphs. Place 
the acknowledgment between the summary and the list of literature cited. Follow 
the st>k of previous issues m citing literature and preparing the list of literature 
Clte Aki^ C ^ n< ^ e( ^ f ^ 1f UM unpublished matter in a footnote or in the text. 

Abbreviations: ion publications use the abbreviations found in the list of 
periodicals abstracted in Cm micai. Aijsikac is (1W>>. Do not use periods follow¬ 
ing abbreviations. Use ml instead oi cc, except for loaf volumes. Abbreviate 
freely in tables, and if the abbreviations are not standard show their meaning in 
a footnote. * 
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THE DIFFERENTIAL STABILITY OF THE MALT 
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The conclusion of Marker (1879) that malt diastase is composed of 
two active starch-degrading components led to the development of 
many methods for the separation of these' two enzymes. These meth¬ 
ods are based on variations in such properties as adsorption, surface 
denaturation, solubility in alcohol or salt solutions, and response to 
combinations of temperature and hvdrogen-ion concentration. The 
exj>eriments reported in this communication deal with the response of 
the malt amylases to various combinations of temperature and hydro- 
gen-ion concentration and the manner in which these enzymes are 
precipitated bv alcohol and by solutions of ammonium sulfate. 

' Although alcohol was used as a means for concentrating “malt 
Wastasc n by some of the earliest workers (Payen and Persoz, 1833) 
and the differential solubility of the two malt amylases in alcohol 
was recognized by Wijsman (1890), it was not until the work of van 
Klinkenberg (1931, 1932) that this agent was suggested as a practical 
means of separation. He found that the two components tended to 
precipitate at different concentrations of alcohol and used 60% alcohol 
for the precipitation of alpha-amylase, followed by an increase to 80% 
to precipitate lx*ta-amylase. Caldwell and Doebbeling (1935) con¬ 
firmed this finding and in addition indicated that barley malt alpha- 
amylase could be differentially precipitated by concent rations of am¬ 
monium sulfate below the 20% to 35% region in which most of the 
beta component became insoluble. Here again the technique employed 


4 Published with the approval of the Director a* paper No. 323, Journal Sene*. Nebraska Agri¬ 
cultural Experiment Station _ 

• Present address—Campbell Taggart Research, Kansas City, Missouri. 
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a classical protein precipitant, in this case one popularized by Osborne 
(1895). 

Recently the most generally used means for separating the two 
amylases of malt has been the technique of Ohlsson (1926). O’Sullivan 
(1876) early observed that heating a malt extract to 75°C resulted in a 
product of high dextrinizing and low saccharifying powers when com¬ 
pared to the original unheated extract. This was confirmed by Marker 
(1879) and used by him to postulate the existence of two amylase com¬ 
ponents in malt. Brown and Heron (1879) presented further data on 
thermal inactivation and also observed that slight alkalinity had an 
effect similar to heat in differentially inactivating the saccharifying 
power of malt extract. The work of Bourquelot (1887) threw addi¬ 
tional light on the manner in which heat inactivates the malt amylases, 
but it was not until 1890 that definite proof of the existence of two 
amylase components was furnished. In this year Wijsman (1890) 
published evidence that the saccharifying component differs from the 
dextrinizing amylase in being more soluble in alcohol, more sensitive 
to heat and to alkali, and less sensitive to acid. He likewise demon¬ 
strated that the saccharifying enzyme diffuses more rapidly through 
a gelatin-starch medium. 

Based on the above findings Ohlsson (1922, 1926, 1930) devised a 
technique whereby beta-amylase could be inactivated by heating a 
malt extract at a pH close to neutral for 15 minutes at 70°C. Con¬ 
versely a treatment at ice-water temperature and pH 3.3 for 15 minutes 
resulted in the inactivation of most of the alpha-amylase with but little 
effect on the beta component. This technique has been used exten¬ 
sively by many workers but apparently not always with the realization 
that neither treatment results in complete recovery of the desired com¬ 
ponent nor invariably in complete inactivation of the undesired 
amylase. 

Other amylase stability factors considered in the present treatment 
are the influence of extract dilution and the role played by the calcium 
ion. Sherman and Schlesinger (1915) and Venkata Giri and Subrah¬ 
manyan (1932) have noted that amylase loses its activity a great deal 
more rapidly in dilute than in concentrated extracts. The latter 
authors also found that the starch-liquefying activity of malt extracts 
deteriorates more rapidly than docs the saccharifying activity. With 
regard to the influence of calcium ions on the stability of the amylases 
Nakamura (1931) in the last of a series of papers on amylase-protecting 
substances concluded that calcium salts have a pronounced effect in 
protecting amylases from inactivation by heat. Wallerstein (1909) 
early recognized the stabilizing action of calcium and patented its use 
for such purposes. Hollenbeck and Blish (1941) confirmed these 
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earlier findings and in addition their data showed that the protective 
action of the calcium ion is of large magnitude. 

The conclusions derived from these stability studies may be ac¬ 
cepted only with reservations by reason of the inadequacy of some of 
the prevalent methods. It was deemed advisable to re-examine some 
of the conceptions, making use of the differential methods recently 
devised by Sandstedt, Kneen, and Blish (1939) and Kneen and Sand- 
stedt (1941) for the determination of alpha- and beta-amylase activi¬ 
ties. Too, most of the published data deal exclusively with barley 
malt. The current industrial importance of wheat malt necessitates 
similar investigations of this cereal. In addition it is desirable that 
methods be devised for the preparation of either amylase component 
uncontaminated by the other. The present study is concerned with 
the differential stability of the amylases of barley and wheat malts and 
with the feasibility of isolating “pure” preparations. 

Methods 

Determination of amylase activities: The methods of Sandstedt, 
Kneen, and Blish (1939) and of Kneen and Sandstedt (1941) were used 
for the determination of the activities of the individual amylase com¬ 
ponents. Where recorded, the am>lase “units” are those proposed 
by these authors. The exception to the above was in the determina¬ 
tion of relatively micro-quantities of alpha-amylase. In this instance 
it was necessary to use a micro method. An amount of extract 
equivalent to a fairly large weight of material (0.1 to 1.0 g, depending 
on the activity) is allowed to act on 20 ml of beta-amylase-treated 2% 
“Lintner starch” for some 16 to 18 hours at 30°C. At the end of this 
period constant amounts of malt extract are added to the unknown 
and to a blank beta-am> lase-treated starch and detrinization times 
measured. Any shortening of the blank dextrinization time is propor¬ 
tional to the degree of dextrinization which took place in the prolonged 
action of the unknown sample. This in turn is proportional to the 
amount of alpha-amylase in the unknown sample. Units are calcu¬ 
lated as 

_24___ 

weight of material used X total elapsed time 

X dextrinization time 

blank — unknown 

For example, suppose that the equivalent of 0.1 g of an ungerminated 
cereal worked on the substrate for 18 hours. At the end of this time 
malt was added to this and to an additional portion of the substrate 
in equivalent amounts. The blank dextrinization time was 20 minutes 




402 


STABILITY OF MALT AMYLASES 


Vol. 20 


but the dextrinization time on the partially converted sample was 10 
minutes. The ungerminated cereal would have an alpha-amylase 
activity of 


24 


0.1 X 1080 X 


20 


or 0.11 unit. 


20 - 10 


Alcohol and salt precipitation: AM these precipitations were carried 
out at ice-water temperatures. The resulting precipitates were cen¬ 
trifuged out at high speed in an angle centrifuge and then dissolved in 
water. The water solutions of the alcohol precipitates were used as 
prepared; those of the ammonium sulfate precipitates were dialyzed 
against running tip water for 48 hours before use. 

Thermal and acid treatments: In various instances temperatures 
ranging from that of ice water to 70°C and hydrogen-ion concentrations 
from pH 2.6 to 7.0 were used. In all cases precautions were taken to 
insure constancy of pH, uniformity of treatment, and minimal loss 
from evaporation. The pH values were determined or adjusted as 
desired by the use of glass-electrode equipment. Where temperatures 
higher than 30°C were used or pH values below 4.5, the solutions were 
rapidly brought to these relatively optimum conditions after the de¬ 
sired treatment and before activity determinations were made. 
Studies at low pH values (in the neighborhood of 3.0) were all carried 
out in a uniform manner: the pH of the extract was lowered to that 
desired by the use of O.liY hydrochloric acid, held at that pH for the 
designated period of time, then rapidly raised to between 4.5 and 5.0 
by the use of either O.liV sodium hydroxide or 8% sodium acetate. 

In those experiments involving the influence of calcium ion at 
various hydrogen-ion concentrations and temperatures, the addition 
of calcium ion was in the form of either the chloride or the acetate salt. 
In the range of concentrations ysed there was no detectable difference 
in effect between these two calcium salts. 

Extraction of malts: Unless otherwise indicated the extractions were 
for 1 hour at 30°C using distilled water as the extractant. For the 
barley-malt extracts the freshly and finely ground meal from dry malt 
grain was used. The wheat-malt extracts were obtained from a com¬ 
mercial wheat-malt flour. Extract concentrations are referred to as 
l-to-5, 1-to 10, etc., thus indicating the ratio of meal to extractant: 1 g 
meal to 5 ml extractant, i g to 10 ml, etc. 

Results 

Ammonium sulfate precipitation: Table I shows the fractions of the 
total ammonium-sulfate-precipitable amylases deposited by the indi- 
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catod increment of this salt* It should lx* emphasized that an indi¬ 
cated amylase percentage is that precipitated within a certain range 
of salt concentration. For example, in the case of the barley-malt 
alpha-amylase, 2.0% of the enzyme was precipitated by 10% concen¬ 
tration of ammonium sulfate, an additional 7.8% by increasing the salt 
content to 15%, an additional 37,3% in the range between 15% and 
20% salt, and so on until all the salt-precipitable alpha-amylase was 
removed from solution at 40% salt concentration. In this instance 
increasing the salt content to 45% concentration resulted in no addi¬ 
tional activity in the precipitate 

1 \BLL I 

I hi Pricipitahon or Mali \muasis hy XwmomCm Sni-vn 
(Fractions of amylases precipitated) 

Ammonium Bariev malt Wheat malt 

mij 11 ate — - --- 


increment 

a am> I \mc 

0 am> l\Me 

a amj lave 

0 amylase 


* t 

*, 

11 

i 

~ V 

(M0 

20 

04 

44 

2 7 

10 15 

7 8 

1 5 

2 2 

* 2 

J5 20 

37.3 

1 1 

89 

106 

20 25 

35.3 

12 5 

13 5 

12 2 

25-30 

11 8 

39.7 

22 2 

22 8 

10-35 

l 9 

38.6 

37.8 

37.7 

15-40 

20 

62 

8 9 

10 8 

40 45 

00 

0 0 

2 2 

00 

45 50 

00 

00 

00 

00 


The data of Table I indicate that there are differences in the manner 
in which the amylases of barley - and w heat-malt extracts respond to 
ammonium sulfate precipitation The barley-malt amylases precipi¬ 
tated in a manner similar to that reported b\ Caldwell and Doebbeling 
(1935). Most of the alpha-aim lase w as precipitated between the 15% 
and 25°[ levels of ammonium sulfate. It was necessary to increase 
the salt concentration to 35% to remove most of the beta-amylase, 
the greater part of this component being precipitated in the region 
between 25% and 35% ammonium sulfate concentration. No such 
differential effect as this was found for the w r heat malt In two sepa¬ 
rate trials, of which only one is reported, the alpha- and beta-amylases 
of wheat malt responded almost identically to ammonium sulfate pre* 
cipitation. In both cases the most active precipitates were those 
resulting when the salt concentration w'as increased from 30 r ; 0 to 35%. 

It is apparent that ammonium sulfate cannot be list'd as the sole 
agent for precipitating one of the amylase components to the exclusion 
of the other* With barley-malt extracts precipitation at the 20% level 
gave alpha-amylase slightly contaminated with beta* By removing 
the precipitate resulting from 30% salt concentration, and then increas- 
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ing the salt content to 35% or 40%, it should be possible to get a 
precipitate relatively high in beta-amylase activity and low in, but 
not free from, alpha-amylase activity; about 6% of the alpha-amylase 
remained and over 50% of the beta-amylase was lost. With wheat 
malt even this degree of separation of the amylases could not be antici¬ 
pated by fractionation with ammonium sulfate. 

Ethyl alcohol precipitation: The percentages of the total alcohol- 
precipitable amylases deposited by the indicated increments of ethyl 
alcohol are shown in Table II. Alcohol concentrations are recorded 
as percent by volume and, as with the salt-precipitation studies, the 
designated precipitation of amylase is that occurring within the indi¬ 
cated range in alcohol concentration. With the wheat-malt extract an 
alcohol concentration of 50% by volume was the lowest concentration 
at which perceptible precipitation occurred, whereas noticeable pre¬ 
cipitation was present in the barley-malt extract at 32% alcohol con¬ 
tent. Here, as with the ammonium sulfate precipitation study, there 
was a definite tendency for the amylases of barley malt to precipitate at 
lower concentrations of the agent than for those of the wheat-malt 
extract. 


TABLE II 

The Precipitation of Malt Amylases by Ethyl Alcohol 
(Fractions of amylases precipitated) 


Barley malt 

Wheat malt 

Alcohol 

increment 

a-amylase 

/3-ainylase 

Alcohol 

increment 

aamylaae 

0-amylasc 

% 

% 

% 

% 

% 

% 


14.1 



11.3 

5.6 

32-38 

14.1 



61.7 

10.3 

38-44 

17.6 

2.9 

56-62 

27.1 

41.6 


29.4 

11.5 

62-68 

0.0 

42.5 

ms 

12.9 

16.Q 

68-74 

0.0 

0.0 

56-62 

5.9 

53.7 

74-80 

0.0 

0.0 

62-68 

5.9 

10.1 




68-74 


0.0 




74-80 

0.0 

0.0 





From the data of Table II it is apparent that alpha-amylase pre¬ 
cipitates at lower concentrations of alcohol than does beta-amylase. 
This was true for Loth wheat and barley malts but more strikingly so 
with respect to barley. Some degree of separation of the two amylases 
by use of alcohol precipitation appears possible but not in a quantita¬ 
tive sense. At no concentration was alpha-amylase precipitated free 
from beta-amylase. However, with the wheat malt, all the alpha- 
amylase appeared to be precipitated by 62% alcohol, leaving some 40% 
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of the beta-amylase still in solution. Even here the apparent absence 
of precipitable alpha-amylase does not preclude the possibility that this 
enzyme was present in micro quantities not detected by the macro 
method used. 

Thermal inactivation: No study of the manner in which the malt 
amylases are inactivated by heat can ignore consideration of the hydro¬ 
gen-ion concentration of the solution. However, in certain ranges 
the influence of temperature is predominant. Too, as has already been 
noted, the concentration of calcium ion markedly influences the ther¬ 
mostability of the amylases and this factor therefore must be con¬ 
sidered. 

Laboratory observations have shown that dialysis against tap water 
previous to the differential destruction of beta-amylase by heating a 
malt extract results in a good yield of alpha-amylase coincident with 
a rapid inactivation of beta-amylase. Table III shows a comparison 
of the amylase stabilities in distilled-water extracts of barley and wheat 
malts before and after a two-day dialysis against running tap water. 
One to 5 extracts of the malts (1 g malt to 5 ml water) were treated 
at two temperatures, 60° and 70°C. Aliquots for the determination of 
alpha- and beta-amylase activity were taken at the time the solution 
reached the desired temperature and following the indicated intervals 
at that temperature. It should be noted that there is an unavoidable 
loss in activity during the time required to raise the extract temperature 
from 30°C to that used for the treatment. Also two additional vari¬ 
ables were operative in influencing the stability of the malt at any one 
temperature: hydrogen-ion concentration and calcium-ion concentra¬ 
tion. The pH values of the original undialyzed extracts were 5.0 for 
the wheat malt and 5.5 for the barley malt. In contrast to these after 
dialysis against tap water the pH value was 7.0 for both extracts. 
Dialysis likewise resulted in a notable change in the calcium-ion con¬ 
tent of the extracts: in the case of the barley malt extract an increase 
from 0.06 mg to 0.11 mg of calcium per milliliter. 

The data of Table III show that with either barley- or wheat-malt 
extracts, tap-water dialysis brought about an increase in the thermo¬ 
stability of alpha-amylase and a corresponding decrease in the stability 
of beta-amylase. This was true at either 60° or 70°C. With the 
undialyzed wheat-malt extract more than two-thirds of the alpha- 
amylase activity was lost by a 15-minute treatment at 70°C, whereas 
the same treatment of the dialyzed extract resulted in a loss of less 
than 5%. With either malt a 60-minute treatment at 60°C was not 
sufficient to inactivate all the beta-amylase in the undialyzed extracts, 
whereas 5 minutes or less at this temperature sufficed for complete 
inactivation with the dialyzed extract. It is apparent from Table III 
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TABLE III 

The Influence of Tap-Water Dialysis on the Relative Thermo¬ 
stabilities of the Malt Amylases 

(Fractions of original activity remaining) 


Treatment 

\lpha-amvlase 

Beta amylase 

No dialysis 

T dp-water dialysis 

No dialysis 

Tap-water dialysis 

oo°c 

70°C 

60° 0 | 

70°C 

60° C 

70°C 

60° (' 

70°C 




WHEAT MAI 1 





No heat 

too 

100 

100 

100 

100 

100 

100 

100 

At temp: 









0 min 

94 

74 

97 

100 

94 

15 

0.0 

0.0 

5 min 

88 

57 

97 

100 

88 

0.9 

0.0 

0.0 

10 min 

86 

45 j 

96 

97 

60 

0.5 

— 

— 

15 min 

81 ! 

31 

96 j 

96 

52 

0.0 

— 

— 

60 nun 

59 

i 

3.3 | 

1 | 

94 | 

67 

31 

00 

— 

— 




BARLEY MALI 





No heat 

100 

100 

100 

100 

100 

100 

100 

100 

At temp: 









0 min 

97 

97 

98 

96 

96 

11 

j 17 

0.3 

5 min 

97 

95 

98 

96 

76 

I 3.2 

0 0 

00 

10 min 

97 

91 

98 

96 

64 

1.3 

0.0 

0.0 

15 min 

97 

89 

98 | 

96 

58 

0.0 

— 


60 min 

97 1 

i 

56 

98 , 

84 

25 i 

00 

— 

! 



_ 

__ _ 

1 



__ _ 



that the accepted procedure of heating for 15 minutes at 70°C is ade¬ 
quate to effect removal of beta-amylase activity in the 1-g to 5-ml 
extracts of barley or wheat malts, both in the original undialvzed 
extracts and in those diahzed against tap water, (iood recovery 
of alpha-amylase was attained with barle\ malt either dialyzed or 
undialyzed. However, the low pH and low calcium content of the 
undialvzed wheat-malt extract resulted in a pronounced loss of aipha- 
amylase. The data indicate that it should U* possible to adjust the 
pH and calcium ion content of an extract so that rapid inactivation of 
beta-amylase would coincide with maximum recovery of alpha-amylase. 

The problem of amvlase stability at 70°C is largely that of the effect 
of this temperature on alpha-amylase. At pH values of 5, 6, or 7, 
either with or without added calcium, the beta-amylase of cither wheat 
or barley malt extracts was always found to be completely inactivated 
in 15 minutes and often In the time the 70°C temperature was at¬ 
tained. Figure 1 shows the reaction of malt alpha-amylase to 70°C 
treatment under various conditions. Om to 5 extracts of wheat and 
barley malts were used at pH values of 5.0 and 6.0. In addition, treat- 
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ments at pH 6.0 with the addition of 0.4 mg calcium per ml were 
carried out. Aliquots were withdrawn for activity determinations 
when the temperature reached 70°C and again at the end of 5, 10, 15, 
20, 30, 40, 60, 90, and 120 minute intervals at 70°C. In all instances 
beta-amylase activity was reduced to a very low level by the time the 
70°C temperature was attained. 



1 ig 1 1 he mfluuue of pH and of calcium ion on the nubility of malt alpha am* lase at 70°C 


The curves of Figure 1 illustrate the dependence of alpha-amylase 
stability on pH and on the concentration of calcium in solution. 
Activit> was lost more rapidly at pH 5 0 than at 6 0. The addition of 
calcium ion had a pronounced stabilizing action. With wheat-malt 
extract at pH 6 0 and no added calcium, all the alpha-amylase activity 
was destro\ed b\ a 2-hour treatment at 70°C; at the same pH but with 
the addition of calcium some 67% of the activity remained at the end 
of the 2 hours of heating. 

The above described thermal-inactivation studies were conducted 
under such conditions (high temperatures and pH values of 5 0 or 
above) that the major influence was on the beta component of malt 
amylase. At somewhat lower temperatures and pH values it proved 
possible to evaluate the sensitivity of the two amylases to conditions 
unfavorable to stability toward both temperature and hvdrogen-ion 
concentration. Data for wheat malt are shown in Figures 2 and 3. 
The extracts were in the ratio of 1 part of meal to 10 parts of distilled 
water and no dialysis treatments or calcium additions were made pre- 
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vious to use. Samples were withdrawn for activity determinations 
when the extracts reached a temperature 5° below that desired, again 
when the experimental temperature was attained, and then following 
intervals of 10, 20,30, and 60 minutes of treatment. Processes involv¬ 
ing increasing the hydrogen-ion concentration or raising the tempera¬ 
ture to the desired level were conducted as rapidly and uniformly as 
possible. 



Fig. 2. The influence of combinations of temperature and pH on the 
stability of wheat-malt beta-amylase. 


The curves of Figure 2 show the response of the beta-amylase of 
wheat malt to the temperature and pH conditions. In no instance 
was any loss of beta-amylase detected by the time the temperature 
reached the level 5° below that to be used. Following this point, 
however, there were measurable losses of beta-amylase in all instances. 
At the end of 30 minutes’ treatment 89% of the activity remained at 
S0°C and pH 4.5, 69% at 50° and pH 4.0. 50% at 55° and pH 4.0, and 
32% at 60° and pH 4.5. It is apparent that temperature was the pre¬ 
dominant factor influencing beta-amylase stability. For instance, 
there was a more pronounced loss of this enzyme at 60°C and pH 4.5 
than at 55° and the lower pH of 4.0. However, the pH of the solution 
did have a pronounced effect; at 50°C the loss in activity was con¬ 
siderably greater at pH 4.0 than at pH 4.5. It may be concluded, 
then, that under the experimental conditions, stability was dependent 
upon both temperature and hydrogen-ion concentration with the 
temperature effect being predominant. 
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Figure 3 shows the response of wheat-malt alpha-amylase to the 
same conditions as those reflected by the beta-amylase curves of 
Figure 2. It may be noted that with alpha-amylase, as with beta, 
both hydrogen-ion concentration and temperature influenced the sta¬ 
bility. However, with this amylase the influence of hydrogen-ion 
concentration was predominant. At pH 4.0 nearly 60% of the alpha- 



Fig 3 The influence of combinations of temperature and pH on the 
stability of wheat malt alpha-amylase 


amylase was inactivated before the procedure of raising the tempera¬ 
ture was begun. Further loss of activity was rapid and equal in 
degree, whether the temperature was raised to 50 or 55°C. Inactiva¬ 
tion was much less rapid at pH 4.5 and was inappreciable until a tem¬ 
perature of 50° was attained. At the end of 30 minutes of treatment 
71% of the alpha-amylase activity remained at pH 4.5 and 50°C, 22% 
at pH 4.5 and 60°, and 3% at pH 4.0 and either 50 or 55°C. 

Relative stabilities of wheat - and barley-malt amylases: The data of 
Table III and Figure 1 indicate that barley-malt alpha-amylase is 
more stable than that from wheat. The data dealing with beta- 
amylase activity (Table III) are not Conclusive, due to experimental 
conditions being either too severe on beta-amylase or not equivalent 
for the two malts. Accordingly, in addition to the experiments with 
wheat-malt extracts, l-to-10 barley-malt extracts were treated at pH 
4.0 and 50°C and at pH 4.5 and 60°C. The results are presented in 
Table IV along with those found for wheat malt under the same con¬ 
ditions. 
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FABLE IV 


The Relative Stability ok the Amylases ok Wheat and Barley Malts 
(Fractions of original activity remaining) 



pH 4.0, 50°C 

pH 4 5. 60°C 

Treatment j 

Alpha-amylase 

Beta-amylase j 

Alpha amylase 

Beta-amyla9e 


Wheat 

Barley 

Wheat 

Barley 

Wheat 

Barley 

Wheat j 

Barley 

No heat 

At temp: 

41 

66 

100 

100 

100 : 

100 

100 

100 

0 min 

9.2 

34 

89 

96 

63 

88 

74 

77 

10 min 

4.6 

8.1 

74 

68 

50 

79 

42 

32 

20 min 

3.6 

5.0 

70 

53 

38 

63 

36 

13 

30 min 

3.1 

! 4.3 

69 

42 

22 

59 

32 

3.8 

60 min 

1.9 

3.2 

63 

25 

11 

41 

28 

0.0 


It is apparent from Table IV that the alpha-amylase of wheat malt 
was more sensitive to either set of experimental conditions than was 
barley-malt alpha-amylase. This was particularly evident at pH 4.5 
and 60°C. After one hour’s treatment under these conditions some 
41% of the barley alpha-amylase remained active and only 11% of 
that in the wheat malt extract. These results assume added signifi¬ 
cance when those for beta-amylase are considered. This enzyme might 
be expected to react in a manner similar to that of alpha-amylase. 
Instead, the data for beta-amylase activity indicate just the reverse, 
beta-amylase from wheat being more resistant than that from barley. 
A one-hour treatment at pH 4.5 and 60°C resulted in complete inac¬ 
tivation of barley-malt beta-amylase as compared to a 72% loss of 
activity with wheat malt. 

The data confirm those found by precipitation techniques in indi¬ 
cating real differences in properties between the amylases from barley 
and wheat: barley alpha-amylase has greater thermostability than 
wheat alpha-amylase, wheat beta-amylase greater thermostability than 
barley beta-amylase. The differences in stability may be related to 
substances, other than calcium, accompanying the enzymes in the 
extracts; the calcium ion contents in the two extracts were essen¬ 
tially identical. It should be noted here that this particular barley- 
malt extract had about twice as much alpha-amylase and two and 
one-half times as much beta-amylase actvitiy as the extract from the 
wheat malt. This in no way invalidates the conclusions but empha¬ 
sizes them in the case of beta-amylase. As regards the relative stability 
of the alpha-amylases, the difference in concentration could be postu¬ 
lated as leading to the results were it not for the data of Figufe 1; in 
those experiments (Fig. 1) two malts of essentially equal alpha-amylase 
activity were used. 
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The influence of dilution on amylase stability: Frequently it has been 
noted that dilute* malt extracts tend to lose amylase activity more 
rapidly than those of greater concentration. For example, when a 
l-to-10 and a l-to-20 extract of barley malt were subjected to pH 4.5 
and 60°C for 10 minutes, the l-to-10 extract retained 79% of the 
alpha-amylase activity and 32% of the beta-amylase, whereas the 
l-to-20 extract had remaining only 32% of the alpha-amylase and less 
than 1% of the beta-amylase. This difference in stability appears to 
lx* a function of extract dilution rather than enzyme concentration. 
Extracts of two barley malts in the same ratio of malt to water lost 
their amylase activities at approximately the same rate. This is 
illustrated in Table V. The data of this table were obtained by com¬ 
paring extracts of two barley malts at pH 5.0 and 70°C. Both malts 
were extracted in the same ratio of meal to water, i.e., 1 to 5. Malt A 
had amylase concentrations of 47.0 units of alpha-amylase and 5.6 units 
of beta-amylase. Malt B was higher in alpha-amvlase (66.7 units) and 
much higher in beta-am\lase (15 6 units). 

I \BLL V 

Rflatjvi Siabii m oi ihi \m\lasis op 1 wo B\rlfy M\lt Extracts 
Hi ATI!) AT 70°C \ND pH 5 0 
(Fractions of original activity remaining) 



Malt \ 

(oug at tiv 47 0 a 

S6 0) 

Malt B 

(ong activ 66 7 a 1S 6 fi) 

I reatment 

Vlpha amylase Beta aimla«<e 

Alpha amylase 

Beta amylase 

— ~ 


< 

100 


c 

100 

No heat 

100 

100 

\t 60°C 

100 

79 

98 

78 

At 70°C 

At 70°C\ 

97 

0 

88 

0 

10 min 

78 

0 

70 

0 

20 mm 

64 

— 

61 

— 

30 min 

56 

— 

49 

— 

60 mm 

U 

— 

27 

— 


The data of Table V indicate that, notwithstanding the differences 
in am>lase concentrations, both alpha- and beta-amylase showed 
diminution of activity at approximately the same rate. In fact the 
amylases of malt B (the malt initially having higher concentrations of 
both) were inactivated at a slightly greater rate during the first stages 
of heating. These data suggest that the influence of extract dilution 
must be due in large part to the effect on the accompanying substances. 
These substances, split proteins, sugars, salts, etc., which are present 
in a malt extract in addition to amylases, apparently are prominent 
factors influencing amylase stability. 

The dependence of amylase stability on the concentration of the 
malt extract assumes considerable importance even at near-room*tem- 
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peratures. Figure 4 shows the influence of storage at 30°C and pH 5.0, 
with and without added calcium ion, on the stability of alpha-amylase 
in concentrated and dilute malt extracts. Both barley and wheat 
malt were. used. The “concentrated” extracts were in the ratio of 1 
part of meal to 10 parts of water. The “dilute” extracts were made 
by diluting these l-to-10 extracts so that the ratio became equivalent 
to l-to-250. Where calcium addition is indicated, the concentration 
was 1.0 mg per ml in the “concentrated” and 0.004 mg per ml in the 
“dilute** extracts. Data for beta-amylase activity are not given; at 
pH 5.0 the change in activity of this enzyme was inappreciable in 
either the concentrated or dilute extracts. 



Fig. 4. The influence of extract concentration and of calcium ions on the stability 
of malt alpha^amylase at pH 5.0 and 30°C. 

The curves of Figure 4 show that pronounced loss of alpha-amylase 
occurred when no calcium was added to the extracts, this loss being 
greater in the dilute than in the concentrated extracts. As in the 
previous studies barley-malt alpha-amylase was more stable than that 
from wheat malt. The addition of calcium ion greatly stabilized 
alpha-amylase and practically eliminated the differences between con¬ 
centrated and dilute extracts. In the presence of added calcium some 
93% of the barley-malt alpha-amylase remained active at the end of 96 
hours and 85% of the wheat-malt alpha-amylase. 

The data of Figure 4 have considerable significance in view of the 
fact that a pH of 5.0 is often approached in malt extracts. Too, most 
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methods developed for the measurement of alpha-amylase activity 
Irequire a considerable dilution of the malt extract. It would seem 
ithat in processes utilizing the action of alpha-amylase, and certainly 
Jn methods designed for the measurement of this enzyme, preservation 
Sf its activity should be insured either by extracting with a solution of a 
c alcium salt or by the addition of calcium to the extract. In this 
Kboratory the practice has been to substitute a solution of either cal- 
cl im chloride or calcium acetate, 2 mg of the salt per ml, for water in 

malt extractions where alpha-amylase activity is a factor to be 
con ' idered. It should be remembered that the addition of salts to the 
“Action medium, even in this low concentration, results in a greater 
l ie h of amylase in the extract. Accordingly, if the activity of a 
w ater extract” is to be evaluated the calcium salt should be intro- 
^^ced immediately following the extraction. 

Stability of the amylases at low pH: In the preceding studies experi- 
* Cental conditions were such as to be conducive to the inactivation of 
either beta-amylase alone or of both the alpha and beta components. 
\ procedure usually considered to lead to the preferential inactivation 
of alpha-amylase involves low pH (in the region of pH 3.3) and low 
temperature. It has been observed on numerous occasions that 
whereas an acid treatment of malt extract resulted in a preferential 
destruction of alpha-amylase, the last traces of this enzyme could be 
removed only with difficulty. In fact a treatment severe enough to 
inactivate all the alpha-amylase invariably resulted in a pronounced 
loss of beta-amylase. The above data (Figs. 1 and 4) indicate that 
the calcium ion is a pronounced stabilizing factor for alpha-amylase. 
Other data (unpublished) indicate that the presence of calcium ion 
may contribute to the instability of beta-amylase. Accordingly ex¬ 
periments were carried out to determine the effect of the calcium ion on 
the relative stabilities of the amylase components at low pH with the 
object of devising a technique for achieving essentially complete inac¬ 
tivation of alpha-amylase coincident with maximum preservation of 
beta-amylase. 

Table VI shows the results obtained by acid treatments of malt ex¬ 
tracts. Distilled water extracts were made of wheat malt flour (1 g 
to 10 ml) and of barley malt meal (1 g to 20 ml). Previous to acidifica¬ 
tion the extracts were each divided into three parts; one part was used 
without further treatment, another was dialyzed for two days against 
running distilled water, and the third was dialyzed against running tap 
water for two days. Following these treatments the calcium contents 
of the three barley-malt extracts were 0.06 mg of calcium per milliliter 
for the original extract, 0.0015 mg for that dialyzed against distilled 
water, and 0.11 mg for the extract dialyzed against tap water. Dis- 
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tilled-water dialysis thus reduced the calcium content to one-fortieth o * 
that of the original, whereas tap-water dialysis increased it to abour 
twice that of the original. For the acidification treatments the pH o^ 
each extract was reduced to 3.3, held there for 60 minutes, and theij 1 
brought up to pH 5.0 before activities were determined. The tern/ 
peratures used for the treatments were 30°C for the wheat-malt ex¬ 
tracts and ice water for those from barley m^lt. ( 

TABLE VI ' 

The Differential Stability of the Malt Amylasfs at Low pH as / 
Influenced by the Dialysis Medium 


Fraction of ong. a ctlv * 
remaining after 
60 min, pH 3.3 


Malt 

Dialysis 

'1 emperatuie ot 
treatment 

Alpha- 
am y law 

Beta 
amyla * 




~ ~ — 


Bariev 

None 

Ice w'ater 

0.75 

96 

Barley 

Distilled water 

Ice water 

0.051 

93 

Barley 

Tap water 

Ice w'ater 

3.91 , 

72 

Wheat 

None 

30°C 

0.J 7 

98 

Wheat 

Distilled water 

30°C 

trace 

100 

Wheat 

'lap water 

30°C 

2.42 

63 


It may be seen from the data of Table VI that dialysis of the malt 
extracts against tap water increased the stability of alpha-amylase 
and decreased the stability of beta-amylase. On the other hand, the 
alpha-amylase activities of those* extracts dialyzed against distilled 
water were reduced to very low levels. This was coincident with 
almost complete preservation of beta-amylase activity. The extracts 
that received no dialysis treatment were intermediate with respect to 
the stability of alpha-amylase but did not differ appreciably in beta- 
amylase stability from those dialyzed against distilled water. The 
apparent difference between the stabilities of the barley and wheat 
malt alpha-amylases may be attributed to the difference in the tem¬ 
peratures used for the treatments. There ap|x*ars to be a direct rela¬ 
tionship between the stability of alpha-amylase at low pH and the 
calcium content of the extract. 

Further evidence of the manner in which calcium is related to the 
stabilit> of the two amylase components is presented in Figure 5. A 
wheat-malt extract (1 to 10) was dialyzed against distilled water for 
two days, then divided into four portions and calcium chloride added 
at the rate of 0.0, 0.05, 0.10, and 0.50 mg calcium per milliliter. The 
pH of each portion was then lowered to 3.25 and main taint'd there for 
60 minutes at 30°C. At the end of this treatment the pH was adjusted 
to 4.5 with sodium acetate and activities determined*. 
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The curved of Figure 5 indicate that the addition of calcium ion had 
a stabilizing effect on alpha-amylase up to 0.1 mg per ml; above this 
level no change was noted. The stability of beta-amylase decreased 
progressively with the addition of calcium at least up to the point of 
0.5 mg addition. The “best” treatment (no calcium added) resulted 
in a product essentially free from alpha-amylase activity but retaining 



Fig. 5 1 he influence ot calcium ions on the stability of wheat malt amylases at pH 3.25 and 30®C. 

92% of the original beta-amylase activity. On the other hand, the 
product of the 44 worst” treatment (0.5 mg calcium added per ml) 
showed a retention of over 4% of the alpha-amylase and a loss of nearly 
60% of the beta-amylase. Results very similar to those shown in 
Figure 5 were obtained when identical treatments were used with a 
barley-malt extract: the addition of 0.50 mg calcium per ml resulted in 
a product retaining 5% of the original alpha-amylase activity and only 
58% of the original beta-amylase. 

The opposite influences of calcium ion on the stabilities of the two 
malt amylase components further indicates a fundamental difference 
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in the nature of these two enzymes. In view of its stabilizing action 
on alpha-amylase activity it is remarkable that calcium is an instability 
factor for beta-amylase. No mechanism is apparent to explain the 
processes involved. 

Temperature effects at low pH: Customarily acidification treatments 
of malt for differential inactivation of the amylases have been at low 
temperatures (ice water). The data of Table VI indicate that, with 
wheat malt, such treatments may be used at temperatures as high as 
30°C without appreciably influencing the stability of beta-amylase. 
Table VII shows comparative data obtained when wheat- and barley- 
malt extracts, after two days of dialysis against distilled water, were 
treated for various time intervals at pH 3.3 at both ice-water and 30°C 
temperatures. One-to-10 wheat-malt and l-to-20 barley-malt ex¬ 
tracts were used; at the time these experiments were conducted it was 
considered advisable to balance the alpha-amylase concentrations in 
the extracts before treatment (the barley-malt meal had almost exact 1\ 
twice as much alpha-amylase activity as did the wheat-malt flour). 

TABLE VII 

The Influfnce of Temperature on the Differential Inactivation 
of Malt Am\lasrs at Low pH 
(Fractions of original activity remaining) 



Wheat malt (1-10 extract) 

Barley malt (1 20 extract) 

Period 



l 




i 


of 

Alpha-amylase 

Beta-amylase i 

Alpha-amylase ! 

Beta amylase 

treatment 










Ice water 

30°C 

Ice water 

30° C 

Ice water 

30 6 C 

Ice water 

30° C 

nun 

% 

% 

% 

% 

% 

% 

% 

n 

15 

0.39 

0.31 

100 

100 

0.12 

0.06 

98 

97 

30 

0.36 

0.22 

100 

100 

0.10 

0.0 

92 

96 

60 

0.35 

trace 

100 

100 

0.05 

0.0 

91 

96 

120 

0.31 

0.0 

100 

100 

0.0 

0.0 

89 

94 


The data of Table VII show that at pH 3.3 alpha-amylase is inac¬ 
tivated more rapidly at 30°C than at ice-water temperature. Under 
the conditions used beta-amylase was as stable at 30°C as at ice water 
temperature. 

Hydrogen-ion variation at low pH: The use of a hydrogen-ion con¬ 
centration at or just below pH 3.3 for inactivation of alpha-amylase 
has been customary. However, the removal of most of the calcium 
ion from solution results in a condition such that beta-amylase activity 
survives treatments at considerably higher concentration of hydrogen 
ion. A l-to-5 barley-malt extract was dialyzed against distilled water 
in the customary manner and portions then maintained at pH values 
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of 3.2, 3.0, 2.8, and 2.6 for 1 hour at 30°C. The results were as follows: 
at pH 3.2 a trace of alpha-amylase remained and 93% of the beta- 
amylase; at pH 3.0, no alpha and 92% of the beta; at pH 2.8, no alpha 
and 87% of the beta; at pH 2.6, no alpha and 53% of the beta. Thus it 
is apparent that a low concentration of calcium ion permits the use of 
lower pH. It would seem that with malt extracts dialyzed against 
distilled water a pH value of 3.0 for 1 hour at 30°C should serve to 
remove all the alpha-amylase activity with practically maximum 
“yield” of beta-amylase. 

Influence of extract concentration at low pH: As in the thermal inac¬ 
tivation studies extract concentration was found to influence the 
stability of alpha-amylase at low pH. Following a two-day distilled- 
water dialysis of a l-to-5 barley malt extract dilutions were made such 
that solutions essentially approximating l-to-5, l-to-10, and l-to-20 
could be compared. The hydrogen-ion concentration was adjusted to 
pH 3.0 in all cases and time intervals of 30, 60, and 120 minutes used 
for the treatments. It was found that alpha-amylase inactivation was 
dependent on extract concentration. Following 30 minutes’ treatment 
an appreciable amount of alpha-amylase activity remained in the l-to-5 
extract, a trace in the l-to-10, and nope in the l-to-20. In this instance 
a 1-hour treatment sufficed to inactivate all the alpha-amylase at any 
concentration. The fraction of beta-amylase remaining active was 
essentially constant throughout all treatments, varying between 90% 
and 93% of the original. Even under the most severe conditions 
(l-to-20 concentration for 2 hours) 92% of the beta-amylase survived. 

These data indicate that a 1-hour treatment at pH 3.0 and 30°C is 
adequate to bring about maximum inactivation of alpha-amylase and 
minimum inactivation of beta-amylase in barley malt extracts, varying 
between l-to-5 and l-to-20 concentration. However, a 2-hour treat¬ 
ment resulted in no further loss of beta-amylase and a logical “safe” 
recommendation to insure complete inactivation of alpha-amylase 
could be to treat a dialyzed extract at pH 3.0 and 30°C for 2 hours. 

Amylases of ungerminated cereals: In the past perhaps the most 
practical means of isolating beta-amylase relatively free from alpha- 
amylase has been to extract ungerminated cereals such as barley or 
wheat (Sandstedt, Kneen, and Blish, 1939; Ballou and Luck, 1941). 
However it is generally acknowledged that these cereals frequently 
contain small but variable amounts of alpha-amylase. In this labora¬ 
tory it has been found that such amounts of alpha-amylase often are 
sufficient to interfere seriously with the use of wheat and barley as 
sources of “pure” beta-amylase. Accordingly, the procedure of acid 
inactivation subsequent to distilled-water dialysis evolved above for 
malt was applied to ungerminated wheat and barley. 
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TABLE VIII 

The Influence of Low pH on the Activity of the Amylases 
of Ungerminated Wheat 


Extraction medium 
(18 hr—30°C) 

Treatment 
(1 hr — 30°C) 

Alpha-amylase 

activity 

Beta-amylase 

activity 



untit 

W«»/<r 

Water 

None 

0.061 

10.9 

NaCl 

None 

0.061 

16.4 

Water 

pH 3.3 

0.030 

10.4 

NaCl 

pH 3.3 

0.003 

15.3 

Water 

pH 3.0 

0.028 

9.8 

NaCl 

pH 3.0 

0.0 

14.7 


Table VIII shows the results of treating wheat extracts at pH 3.3 
and 3.0, in each case for 60 minutes at 30°C. One to 5 extracts of wheat 
meal were dialyzed in the usual manner against distilled water for 
2 days. Following dialysis the extracts were diluted so that they were 
equivalent to l-to-10 concentrations. Two extractants were used, 
water and 5% sodium chloride, and in both cases the extractions were 
for 18 hours at 30°C in order to achieve a high concentration of beta- 
amylase. 

The data of Table VIII show that a 5% sodium chloride extraction 
preceding dialysis and acidification can be used to advantage. A high 
level of beta-amylase was extracted and some 90% of this remained 
active even after the more severe treatment. At the same time alpha- 
amylase activity, while not completely removed at pH 3.3, was reduced 
to zero at pH 3.0. In contrast to the sodium chloride extract, that 
made with water showed some peculiarities. The beta-amylase activ¬ 
ity was low throughout as might be anticipated and the alpha-amylase 
showed a surprising degree of stability. Even after the treatment at 
pH 3.0 nearly 50% of the alpha-amylase remained active. The differ¬ 
ence between the two extracts with regard to beta-amylase concentra¬ 
tion has been explained on the basis of protein peptization. The 
reason for the difference in stability of alpha-amylase following dialysis 
is obscure. 

Table IX shows a comparison of various extracts of ungerminated 
wheat and barley when subjected to acid treatment. Three types of 
extraction were used with each cereal, all in l-to-5 ratio for 18 hours 
at 30°r: a water extract, a 5% sodium chloride extract, and a water- 
papain extract (papain added at the rate of 5% of the meal). Follow¬ 
ing dialysis against distilled water the extracts were diluted to the 
equivalents of l-to-10 concentrations, then treated at pH 3.0 for 1 hour 
at 30°C. 

It may be seen in Table IX that with either barley or wheat the 
alpha-amylase of a water extract was remarkably stable. In contrast 
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the treatment resulted in almost complete inactivation of the alpha- 
amylase in the papain extracts and complete inactivation in the sodium 
chloride extracts. Again the reason for these differences is obscure but 
it might be postulated that protein peptization either by the salt or by 
papain may contribute to the instability of alpha-amylase. With all 
extracts the beta-amylase was stable, its activity being preserved to 
the extent of over 90%. 

TABLE IX 

Acid Inactivation of the Alpha-Amylase in Various Extractions 
of Ungerminated Wheat and Barley 
(Fractions of original activity remaining after treatment—pH 3.0, 1 hour, 30°C) 


Extra< tant 

Wheat 

Barley 

Alpha- 
arm Use 

Beta- 

amylase 

Aipha- 

amylase 

Beta- 

amylane 



% 

c l 

% 

Water 

59 

91 

97 

93 

5% NaCI 

0 

96 

0 

95 

5% papain 

5.4 

94 

2.4 

91 


It appears from the above that a sodium chloride extract is a good 
starting material for the preparation of beta-amylase free from the 
alpha component. As with the malts it could be recommended that 
the acid treatment be extended to 2 hours at 30°C. This was done 
with the dial}zed sodium chloride extracts and, as with the 1-hour 
treatments, it was found that 96% of the wheat beta-amylase activity 
and 95% of that originally in the barley were retained, coincident with 
complete inactivation of the alpha-amylasts 

Methods for the Isolation of the Malt Amylases 

The following methods have been used repeatedly in this laboratory 
and have proved consistently adequate. 

Alpha-amylase: Either barley or wheat malt is used as a starting 
material. The finely ground meal is extracted in lg-to-5mI ratio for 
1 hour at 30°C with a solution containing 2 mg per ml of either calcium 
chloride dihydrate or calcium acetate. The pH of the extract is ad¬ 
justed to approximately’ 6.0 with either sodium hydroxide or sodium 
acetate solution, following which the temperature of the extract is 
raised to 70°C and held there for 15 minutes. After cooling and filter¬ 
ing the extract may In* used without further treatment, or the alpha- 
amylase may be concentrated by appropriate salt or alcohol precipita¬ 
tion techniques. 

Beta-amylase: Barley or wheat, either malted or not and either as 
the whole meals or as flours, may be used as starting materials. In 
this laboratory the use of either ungerminated barley or barley malt 
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has been attended by least compfications; accordingly, an ungerminated 
barley of high beta-amylase activity customarily is used. The finely 
ground meal is extracted in lg-to-5ml ratio at 30°C with 5% sodium 
chloride for from 3 to 18 hours, as convenient. The extract is dialyzed 
against cool (approx. 20°C) running distilled water for two days. The 
pH of the extract is then lowered to 3.0 with l.OiY hydrochloric acid 
and held at that pH for 2 hours at 30°C. Following this acidification 
treatment, the pH is raised to between 4.5 and 5.0 by the appropriate 
addition of sodium hydroxide (0.1 N) or sodium acetate (8%) solution. 
The solution is then ready for use by itself, or the beta-amylase may be 
concentrated by appropriate salt or alcohol precipitation techniques. 

Use of beta-amylase in the determination of alpha-amylase activity: 
The alpha-amylase method of Sandstedt, Kneen, and Blish (1939) re¬ 
quires a special substrate resulting from the treatment of soluble starch 
with an excess of “pure” beta-amylase. These authors recommended 
the addition of 5 ml of a 2g-to-5ml hard-wheat-flour extract per 500 ml 
of 2% starch, the resulting substrate to be used not less than 24 nor 
more than 48 hours thereafter. Further work confirms their finding 
that the above level is adequate to cover any normal range of variation 
in hard-wheat flours. 

It was found that when an acid treated extract from barley meal 
was diluted to an equivalent of lg-to-40ml concentration, 4 ml of this 
dilution per 100 ml of starch resulted in a substrate ready to use in 18 
hours and good for at least 66 hours. (The beta-amylase activity of 
this extract was 13.2 units per gram of original barley meal extracted.) 
Obviously then one-eighth of the volume of beta-amylase solution used, 
i.e., 0.5 ml per 100 ml of starch, would be an adequate addition of the 
original l-to-5 solution. Since the beta-amylase activities of solutions 
prepared by acid treatment of l-to-5 extracts of barley or barley malt 
rarely, if ever, are less than one-half that of the above, a reasonably 
safe addition would consist of 1 ml per 100 ml of starch, the substrate 
to be used not less than 18 hours thereafter. Such a substrate appar¬ 
ently retains its utility for some two to three days but does deteriorate 
on long standing. 

If it is desirable to have a more accurate calculation of the amount 
of beta-amylase solution to be added, the following procedure may be 
employed: Calculate the beta-amylase activity of the solution to be 
used in units per milliliter, t.e., the number of grams of starch hydro¬ 
lyzed by 1 ml of solution in 1 hour at 30°C (Kneen and Sandstedt, 
1941). Then 1.65 divided by this figure is the number of ml of the 
solution which will provide 20% more beta-amylase than is essential 
for conversion of the starch to the desired substrate by 18 hours' 
action at 30°C 
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It should be noted that beta-amylase prepared from barley or 
wheat is applicable in the preparation of a substrate for the determina¬ 
tion of cereal alpha-amylase activity. The advisability of its use for 
the determination of the activity of other “ alpha-amylases 99 such as 
those of animal or microbial origin has not been established and is 
not recommended. 


Summary 

The experiments reported in this communication dealt with the 
differential response of the malt amylases to the precipitation influence 
of ammonium sulfate and of alcohol and with the stability of these 
amylases to widely varied combinations of temperature, hydrogen-ion 
concentration, calcium-ion concentration, and extract dilution. Both 
wheat and barley malts were used throughout and in certain low-pH 
stability studies ungerminated wheats and barleys were employed. 

The maximum precipitation of the beta-amylases of wheat and 
barley malts and the alpha-amylase of wheat malt occurred in the 
range of 25% to 35% ammonium sulfate concentration. Barley-malt 
alpha-amylase showed maximum precipitation in the 15% to 25% 
range of salt concentration. Both the alpha- and beta-amylases of 
barley malt were precipitated by somewhat lower salt concentrations 
than the corresponding amylases of wheat malt. 

The maximum precipitation of the beta-amylases of wheat an^ 
barley malts occurred in the range 56% to 68% alcohol concentration. 
Wheat-malt alpha-amylase showed maximum precipitation in the 
range 50% to 56% alcohol and barley-malt alpha-amylase in the range 
44% to 50% alcohol concentration. Here too, the barley-malt amy¬ 
lases were precipitated at somewhat lower concentrations of precipitat¬ 
ing agent than the corresponding amylases from wheat malt. Because 
of over-lapping solubilities, no clear-cut separation of the two amylase 
components could be effected by the precipitation techniques. 

The differential inactivation studies at relatively high temperature, 
50° to 70°C, combined with hydrogen-ion concentrations between the 
pH values 4.0 to 7.0, demonstrated that the stability of either amylase 
was influenced by both these factors. For example, with a given tem¬ 
perature treatment the stability of beta-amylase was dependent on the 
pH of the solution and at a given pH the stability of alpha-amylase was 
dependent on the temperature used. However, temperature was the 
more significant factor with beta-amylase, hydrogen-ion concentration 
with alpha-amylase. 

A factor of prime importance bearing on the stability of the amy¬ 
lases was the calcium-ion content of the solutions. Calcium proved 
to be a stability factor for alpha-amylase, and an instability factor for 
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bcta-amylasc. This differential effect on stability was utilized in 
devising methods for the preparation of the two amylases: Conditions 
for maximum retention of alpha-amylase (90% to 100%) and complete 
inactivation of beta-amylase were the presence of calcium, relatively 
high pH (6.0 to 7.0), and a temperature of 70°(\ Conversely condi¬ 
tions for maximum retention of beta-amylase with complete inactiva¬ 
tion of alpha-amylase were found to be the absence of calcium, relatively 
low pH (3.0), and a temperature of 30°C. 

Another factor of importance was the extract concentration: the 
more dilute the extract, the less stable the amylases. This instability 
appeared to be dependent not on the amylase concentration but on 
the concentration of accompanying substances in the extract. 

In addition to the variation in response to alcohol and salt precipi¬ 
tation, a marked difference was noted between the amylases of wheat 
and barley malts with respect to thermostability. Whereas barley- 
malt alpha-amylase was more stable to heat than wheat-malt alpha- 
amylase, just the reverse was found for the beta components; beta- 
amylase from wheat malt was more stable than that from barley malt. 

Methods found to be practical for the preparation of alpha-amylase 
free from beta and beta-amylase free from alpha are presented. In 
addition the technique of using such “pure” beta-amylase preparations 
in the preparation of the substrate for the determination of alpha 
dextrinogenic activity is outlined. 
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COMMERCIAL WHEAT GERM, ITS COMPOSITION 1 

Emily Grkwe and J. A. LeClerc 

Bureau of Agricultural and Industrial Chemistry, Agricultural Research 
Administration, U. S. Department of Agriculture, 

Washington, I). C. 

(Received tor publication May 6. 1942) 

Wheat germ is fast becoming a popular article of diet, and scores 
of mills are actually separating the germ and selling it as such. As the 
germ constitutes about 2% of the wheat kernel, the total potential 
output of this product from the milling of 110 million barrels of flour 
amounts to some 300,000 tons annually. In practice, however, the 
miller probable does not recover more than one-fourth of the total 
amount in the grain. 

General Discussion 

A number of investigators have published data on the composition 
of wheat germ. Richardson (1884) reports the following data as the 

1 Agricultural Chemical Research Division Contribution No. 69. 
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average of three samples: moisture 8.37%, ash 4.60%, fat 12.51%, 
crude fiber 1.49%, and protein 30.08%. These results are in close 
agreement with those obtained by later investigators except that 
the crude fiber has been found slightly lower. Forbes, Beegle, and 
Mensching (1913) reported the mineral content of wheat germ. 
Sullivan and Near (1927) reported 25 ppm of aluminum as well as 
420 ppm of zinc in wheat germ. Richardson and Crampton (1886) 
isolated from the germ portion of wheat allantoin and a nonfermentable 
sugar which was later identified as raffinose by Schulze and Frankfurt 
(1895); the latter (1896) reported that wheat germ contains 6.89% of 
raffinose. Schulze and Frankfurt (1893) showed conclusively that 
germ contained betaine and choline. They reported a yield of 0.16% 
to 0.2% of betaine chloride, but considerably less choline. Sitosterol 
from wheat germ was first isolated by Burian (1897). Powers and 
Salway (1913) isolated sinapic acid from wheat germ and confirmed 
the findings of others regarding the presence of sitosterol, choline, 
betaine, allantoin, cane sugar, dextrose, and raffinose. Sullivan and 
Howe (1937) isolated glutathione from wheat germ, the >ield being 
0.1 to 0.2 g from 2 kg of material. Andrews and Bailey (1932) made 
a study of the distribution of the organic phosphorus in wheat and 
wheat products. They reported the total phosphorus in the germ as 
1.244%, of which 47.98% was in the form of phytin, 5.70% lipoid, 
and 46.3% undetermined. Frankfurt (1896) found that wheat germ 
contained 1.55% of lecithin. Osborne and Mendel (1919) found 7.5% 
of dextrin and 8.29% of pentosans in wheat germ. Raining (1918) 
reported a yield of 11.55% of pentosans. In addition to the various 
constituents mentioned, wheat germ may contain from 7,000 to 
9,000 gg of vitamin Bi per pound. Besides being an excellent source 
of this vitamin, it is appreciably rich in vitamins A and B 2 and likewise 
is one of the chief sources of vitamin E. 

Sof* red winter, hard red winter, hard red spring, durum, and white 
are the five important classes 6f uheat grown in the United States. 
Nineteen samples of germ from these five classes of wheat were secured, 
all having been commercially milled. In a preliminary investigation 
several samples of germ from the same* mill were used in baking tests 
and it was found that they differed appreciably in their bread-making 
properties. Most if not all samples of commercial germ subsequently 
studied contained more or less bran and endosperm, some being con¬ 
taminated largely vvith bran, some with both bran and flour, and 
others chiefly with endosperm or flour. The investigation here re¬ 
ported was undertaken to study the composition of germ from different 
classes of wheat and the behavior of the different germ samples when 
used m baking. How commercial germ varies in composition will be 
shown below. 
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Investigations 

Determinations and methods: The constituents and chemical char¬ 
acteristics, including moisture, protein, nonprotein nitrogen, crude 
fiber, fat, furfural (in a few samples only), total sugar, diastatic power, 
ash, calcium, magnesium, potassium, phosphorus, iron, copper, manga¬ 
nese, chlorine, and sulfur were determined according to the methods 
of the Association of Official Agricultural Chemists (1935). The re¬ 
sults are given in Tables I to V. The terms ‘‘nitrogen-free extract" 
and “carbohydrates by difference" are frequently used to designate 
the undetermined fraction. In the case of many cereal products this 
is chiefly starch. 

Proximate composition: The average moisture content of germ 
(9.2%) is considerably less than that of flour, which averages about 
13.0%. This low moisture content of germ enhances its keeping 
quality. If the germ is protected from undue exposure to light and 
is kept at a temperature not much above 50°F it will keep fresh for 
several months. The protein content of the 19 germ samples varied 
from 18.3% to 35.3% and averaged 28.9%); this average is more than 
twice that for the protein content of flour. The ash content averaged 
4.1%,. The percentage of sugar (mostly sucrose) averaged 13.7%, the 
minimum being 6.8% and the maximum 17.4%. In general, the fiber 
content of germ averaged about the same as that of whole wheat. The 
fat content averaged 9.7% with a maximum of 15.0% and a minimum 
of 5.2%, indicating in the latter case considerable contamination with 
flour. 

None of the 19 samples of commercial germ studied was pure. 
On the contrary, each was contaminated to some extent with flour or 
bran, but particular!) with flour. 

The amount of the undetermined carbohydrates present in com¬ 
mercial germ is probably the best index of the degree of purity in most 
cases. The average figure for these carbohydrates was 32.33%, the 
maximum being 53.0%, and the minimum 19.18%. The germ frac¬ 
tions from hard red spring and durum wheats were the lowest in these 
carbohydrates, the average for the two tjpes being 24.3%, as against 
30.4% for hard red winter, 36.0% for white wheat, and 39.8% for 
soft red winter wheat. These figures indicate that the endosperm or 
flour portion is more easily separated from the germ in the case of the 
hard wheats than in the cast' of the soft wheats. This may be because 
the endosperm of the hard wheats is more granular in form than the 
endosperm of the soft wheats. The results of this study, however, 
seem to justify the conclusion that pure germ from hard wheats 
is appreciably higher in protein content than is pure germ from the 
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TABLE I 

Proximate Composition of Wheat Germ 


Lab. 

No. 

Mois¬ 

ture 

Protein 
(N X6 25) 

Fat 

ether 

extract 

Ash 

Total 
sugar 
calculated 
as invert 

Crude 

fiber 

Other 
carbohy¬ 
drates by 
difference 


% 

% 

% 

% 

% 

% 

% 


white 


1648 

9.1 

25.1 

9.2 

3.6 

15.1 

1.8 

35.7 

1657 

8.4 

25.5 

9.4 

3.5 

15.1 

2.4 

35.7 

1660 

8.3 

24.6 

9.1 

3.5 

14.9 

3.0 

36.7 

Av 

8.6 

25.2 

9.2 

3.5 

15.0 

2.4 

36.0 


soft red winter 


1662 

8.9 

34.4 

10.6 

4.9 

15.7 

1.7 

23.9 

1646 

9.6 

28.4 

9.3 

4.4 

12.7 

1.9 

33.7 

1647 

9.9 

27.0 

7.4 

4.5 

11.1 

2.9 

37.2 

1645 

9.8 

25.1 

7.2 

3.5 

11.6 

1.7 

41.1 

1656 

10.4 

20.4 

5.9 

3.1 

8.9 

1.7 

. 49.7 

1669 

11.5 

18.3 

5.2 

3.4 

6.8 

1.9 

53.0 

Av 

10.10 

25 6 

7.6 

3.9 

11.1 

1.9 

39.8 


HARD SPRING 


1652 

8.7 

32.7 

10.7 

4.1 

14.6 

1.6 

27.7 

1653 

88 

35.3 

12.4 

4.8 

17.4 

1.7 

19.8 

1654 

8.5 

33.6 

12.4 

4.6 

16.5 

1.8 

22.7 

1668 

10.6 

30.7 

10.9 

4.1 

15.1 

1.8 

26.9 

Av 

9.2 

33.1 

11.6 

44 

15.9 

1.8 

24.3 


HARD RED WINTER 


1649 

8.9 

33 4 

11.2 

4.5 

14.3 

1.8 

25.9 

1650 

9.9 

27.7 

7.2 

3.8 

10.7 

2.9 

37.8 

1651 

9.3 

32.4 

9.7 

4.5 

13.4 

2.3 

28.5 

1661 

8.6 

31.3 

9.5 

4.5 

15.1 

1.7 

29.4 

Av 

9.2 

31.2 

9.4 

4.3 

13.4 

2.2 ! 

30.4 

DURUM 

1658 

8.8 

29.7 

11.9 

4.8 

15.0 

3.5 

26.3 

1655 

7.4 

32.7 

15.0 

4.5 

15.8 

2.1 

22.2 

Av 

8.1 

33.2 

13.5 

4.6 

15.4 

2.6 

24.3 

Minimum 

7.4 

18.3 

5 . 7 **' 

3.1 

6.6 

1.6 

19.2 

Maximum 

11.5 1 

35.3 

15.0 

4.9 

17.4 

3.5 

53,0 

Average 

9.2 

28.9 

9.7 

4.1 

13.7 

2.1 

32.3 





TABLE II 

The Nitrogen Fractions of Wheat Germ—-Water-Free Basis 


Lab. 

No. 

Total 

N 

70% 
alcohol 
sol N 

sol N 

5% 
K*SO< 
sol N 

Cu(OH)j 
pptd N 

Glu¬ 
ten in 

N 1 

Albumin 

and 

globulin 3 

N not 
pptd by 
phoepho- 
tungstic 
acid 

N not 
pptd by 
Cu(OH)» 


% 

% 

% 

% 

% 

% 

% 

% 

% 


WHITE 


1648 

4.4 

0.6 

2.9 

2.7 

4.1 

1.2 

2.4 

0.6 

0.4 

1657 

4.4 

.6 

2.9 

2.6 

4.1 

1.2 

2.3 

.6 

.3 

1660 

4.3 

.6 

2.9 

2.6 

3.9 

1.1 

2.3 

.6 

.3 

Av 

4.4 

.6 

2.9 

2.6 

4.0 

1.2 

2.4 

.6 

.3 


SOFT RED WINTER 


1662 


.7 

4.3 

3.7 

5.2 

1.9 

3.4 

.9 

.8 

1646 


.6 

3.1 

2.6 

4.6 

1.8 

2.4 


.4 

1647 

4.8 

.7 

3.0 

2.6 

4.4 

1.6 

2.3 


.4 

1645 

4.5 

.7 

3.0 

2.5 

4.2 

1.3 

2.4 


.3 

1656 

3.6 

.7 

1.9 

1.9 

3.4 

1.0 

1.4 ! 


.3 

1669 

3.3 

.7 

1.9 

1.6 

3.1 

1.0 

1.6 J 

91 

.3 

Av 

4.5 

.7 

2.9 

25 

4.1 

1.4 

2.4 

i 

.6 

.4 


HARD SPRING 


1652 

5.7 

.8 

3.9 

3.5 

5.1 

1.4 

3.1 

.8 

.6 

1653 

6.2 

.7 

4.5 

3.9 

5.1 

1.6 

3.6 

.9 

.6 

1654 

5.9 

.7 

4.3 

3.7 

5 3 

1 5 

3.4 

.9 

.6 

1668 

5.5 

.8 

3.7 

3.1 

4.9 

1.6 

2.8 

.9 

.6 

Av 

5.8 

.8 

4.1 

3.6 


1.5 

3.2 

.9 

.6 


HARD RED WINTER 


1649 

5.7 

.7 

3.2 



1.9 

2.4 

.9 

.6 

1650 

4.8 

.8 

3.3 

2.6 

4.2 

1.4 

2.6 

.7 

.5 

1651 

5.6 

.8 

3.9 

3.3 

4.9 

1.6 

3.1 

.8 

.8 

1661 

5 6 

.7 

3.9 

3.3 

4.9 

1.5 

3.1 

.7 

.6 

Av 

5.4 

.8 

3.7 

3.1 

4.8 

1.6 

2.8 

.8 

.6 


DURUM 


1655 

5.7 

.7 

2.8 

2.9 

4.9 

2.1 

2.1 

.7 

.7 

1658 

5.2 

.7 

3.5 

2.9 

4.6 

1.6 

2.9 

.7 

.6 

Av 

5.5 

. < 

3.2 ; 

2.9 

4.8 

1.9 

2.5 

.7 

.7 

Minimum 

3.3 

.6 

1.9 

1.6 

3.1 

1.0 

1.4 

.4 

.3 

Maximum 
Av all 

62 

.8 


3.9 


2.1 

3.6 

.9 

.8 

samples 

5.1 

u 


2.9 


1.5 

2.6 

.7 

.5 

FLOUR* 

Av 

2.3 

1.2 

0.6 

0.3 

2.0 

0.8 

0.5 

.1 

.1 


1 Total nitrogen minus values for 5% potassium sulfate soluble nitrogen and 70% alcohol soluble 
nitrogen. 

# Three percent sodium chloride soluble nitrogen minus nitrogen not precipitated by phospho- 
tungstic acid. 

* Average of 4 samples. 
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soft wheats. Pure germ from durum wheat is probably higher also in 
fat content than is that from the other classes of wheat. 

The nitrogen fractions of wheat germ: The proteins of wheat are 
important because of their nutritional value and also because of the 
role they play in imparting bread-making properties to the flour. Both 
phases have been the subjects of numerous investigations which, how¬ 
ever, have hitherto been confined chiefly to wheat and flour. 

The proteins of flour were formerly regarded as having properties 
which would place them in distinct groups, depending on their behavior 
in certain solvents. In recent years there has been a change of opinion 
with regard to the value of solubility data for classifying proteins. 
Gortner, Hoffman, and Sinclair (1929) found that the amount of pro¬ 
tein extracted by salt solutions depended on the nature and strength 
of the solution used and not on the presence of definite simple proteins 
in the flour; from this work it appears that the “protein solubility” 
is not “solubility’' in the strict sense* of the term, but is peptization; 
and that the so-called “simple proteins” are not distinct individuals, 
but in reality are heterogeneous mixtures. 

The protein fractionations were likewise made according to the 
methods of the A. O. A. C\ and consisted in extracting the germ: 
(1) with 70% alcohol, (2) with 3% sodium chloride, and (3) with 5% 
potassium sulfate. In addition to the fractions extracted by these 
solvents (generally used with flour), the total protein nitrogen pre¬ 
cipitated by cupric hydroxide was determined, as well as the total 
protein nitrogen precipitated by a 20% solution of phosphotungstic 
acid, and the nonprotein nitrogen was estimated by subtracting from 
the total nitrogen the nitrogen precipitated by copper or phospho¬ 
tungstic acid. The data appear along with total nitrogen in Table II. 
Calculations were made on the dry basis. 

Three-percent sodium chloride was used instead of 1% because the 
Protein and Nutrition Division of the Bureau of Agricultural and 
Industrial Chemistry has found that the higher concentration gives 
more nearly pure albumin and globulin than does the more dilute salt 
solution. In making these separations the samples were allowed to 
remain in contact with the solvents overnight at 50°F instead of 3 to 4 
hours as recommended by the official methods. To make possible a 
comparison with flour, four samples of flour were subjected to the 
same treatments. The average results obtained appear in Table II. 

In Table III are shown the average values for total nitrogen and 
for the various nitrogen fractions in germ samples of high and low 
carbohydrate content, respectively. The eight samples of germ con¬ 
taining the largest amounts of carbohydrates (average 40.9%) have 
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an average of 4.29% of nitrogen. The eight samples with lowest carbo¬ 
hydrates (average 24.4%) have an average nitrogen content of 5.73%. 

The 70% alcohol-soluble nitrogen is the fraction which, in the case 
of flour, is usually referred to as gliadin. From the averages of results 
on all samples it appears that wheat germ contains over twice as much 
total nitrogen as does spring wheat flour (5.06% and 2.32%, respec¬ 
tively). However, the germ contains only a little more than half as 

1 ABLE III 


\vf RACii Values Showing ihf Relative Protfin Fractions or Total N in 
Whi at Gfrm Sampii-s oh High and Low Carbohydrate Contents 


C Unification of 
sample* an to 
propoitionof 
carbohydrate 

r 

Total 

N 

4 < 

UY\ 
alcohol 
sol N 

V/ c \ 
NaCl 
aol \ 

S ' 

k«so 4 

sol N 

! 

i 

Cu(OH»j 
| pptd \ : 

Albumin 

and 

globulin 

N 

N not 
pptd by 
phospho 
tungstic 
acid 

N not 
pptd by j 
Cu(OH)a j 

I 

GIu- 

tenin 

N 

High in c.trbohy 
drate 

(8 sample*, 
av 40 8)1 | 

4 29 

i 

: 

63 8 

P< 

\ 

55 9 j 

"rcent ot lot 

92 0 

al nitrogen 

\ 

50 1 

! 13 6 j 

t 

8 0 

28 7 

Low in < arbohy i 
drate 

(8 samples 
av 24 4) 1 1 

1 

S 7* 

j IS 4 

! 

12 6 1 

! 65 7 

5S 2 

88 S 

51 7 

j i 

14 0 

1 112 

29 2 

\\ indu idual 
u suits 011 all j 
sample*. (19) 

5 07 

HQ 

1 

65 1 

57 0 

90 2 

51 4 

H 7 i 

9 8 

29 1 

W heat flour 1 

(4 sample*.) j 

(for compari 
ion) ; 

! 2 32 

52 6 

24 1 

14 7 

Q5 7 

20 6 

3 5 

♦ 

4 3 

32 7 


1 I he 8 sumphs highest in unfit tcrmined c irboln drates consisted of 4 ot SRW 3 samples of W, 
and 1 sample of HKW wheat 

* T he 8 samples low m i arboh\drate* consisted ot 4 samples ol IIRS 2 samples of Durum l sample 
of HRW and 1 samph of SRW wht.it 


much nitrogen soluble in 70% alcohol as does the flour (0 69% and 
1 . 22 %, respectively. In other words, while less than 15% of the 
germ nitrogen is soluble in the alcohol solution, over 50% of the flour 
nitrogen is thus soluble. In the case of the sait-soluble and K 2 SO 4 
soluble nitrogen, however, the reverse is true; the germ nitrogen aver¬ 
ages over 60%, soluble in tht salt solution and nearly 60% soluble 
in the K 2 SO< solution, whereas flour averages nearly 25%> and 15% 
respectively. 

The nonprotein nitrogen of wheat includes the nitrogen of amino 
acids, amides, certain nitrogen bases and lecithin. Teller (1932) claims 
that arginine and choline are present in wheat. Some of these non¬ 
protein nitrogen compounds play an important role in nutrition. 

The mineral content of wheat germ: Composite samples were pre¬ 
pared from each of the different classes of wheat. The samples selected 
were those which, according to chemical analyses, appeared to be most 
nearly pure germ. The results are given in Table IV, The oxides of 
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potassium, magnesium, calcium and phosphorus averaged 26.35%, 
12.5%, 1.76% and 56.4%, respectively. These results indicate that 
the composition of the ash of wheat germ is not far different from that 
of the endosperm. 


TABLE IV 

Mineral Content of Wheat Germ 


Class of 
wheat 
represented 

Samples 

used 

per 

com¬ 

posite 

Ash 

Mg 

Ca 

K 

P 

Mn 

Cu 

Fe 

Total 
oxides 
% of 
total 
ash 

Cl 

S 


No 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

White wheat 
Soft red 

3 

3.57 

0.264 

0 048 

0.798 

0.851 

0 0227 

0.00125 

0 0057 

95.9 

0.0852 

0.167 

winter 

3 

4 22 

0 288 

0 051 

0 938 

1.043 

0.0237 

0.00125 

0 0041 

95 4 

0.078 

0.246 

Hard spring 

4 

4.36 

0 329 

0.051 

0913 

1 122 

0.0155 

0 00150 

0.0058 

98.5 


0 246 

Hard winter 

3 

4 46 

0.347 

0 063 

0.984 

l 122 

0 0227 

0 00200 

0 0064 

98.9 

0.078 

0.262 

Durum 

1 

4 67 

0 380 

0 063 

1 015 

1 135 

00181 

0 00263 

0 0059 

96.6 

0.078 

0.256 

Av for 5 













classes 


4 26 

0 322 

0 055 

0 930 

1 055 

0 0208 

0 00175 

0 0058 

97 0 

0.082 

0.235 

Flour 1 (for 








i 





compari¬ 

son) 


0 48 

0 030 

0018 

0,055 

0 116 

0 0002 

0 0002 

0.0008 

— ' 

— 

— 


1 Sullivan and Near, Ind Eng Cliem. 10 498, 1927. 


Furfural: Furfural was determined on five samples of germ, one 
from each* class of wheat. Those samples which seemed to be more 
nearly pure germ according to appearance and chemical analyses were 
used for the test. The results obtained were 4.96% furfural for the 
white wheat germ (a composite of three samples), 3.61% for the soft 
red winter (sample 1662), 3.62% for hard spring (a composite of two 
samples), 3.48% for hard red winter (sample 1649) and 3.66% for the 
durum wheat germ (sample 1658). The average for the germ samples 
from the five classes of wheat was 3.87%. 2 Under the conditions of 
the method used, pentoses, pronic acids, pectic substances, and hcnii- 
celluloses are the constituents which yield furfural. 

Miscellaneous tests: The samples of wheat germ were all examined 
for organoleptic evidence of contamination (appearance and feel) and 
tested for weight per definite volume, diastatic activity, and influence 
on baking quality of flour. The data appear in Table V. Most of 
the samples were flaky, indicating that they had been prepared in the 
normal process of milling wheat into flour. From the data it is evident 
that it is quite impossible to estimate the degree of contamination of 
samples of germ by other wheat milling products or by-products from 
ocular observation or by feel. Three samples of germ which showed 
“very little 1 ’ or “insignificant” contamination (judging from their 


9 This corresponds to 6.61% pentosans. 







TABLE V 


Properties and Proximate Composition of Wheat Germ— 
Miscellaneous Data 


Lab 

No. 

Apparent degree contamination by 
other wheat milling products or 
by-products, appearance and feel 

Weight 

per 

cup 

Diastatic 

activity 

as 

maltose 
figure 1 

Protein * 

Fat* 

Undeter¬ 

mined 

carbohy¬ 

drates* 



g 

mg 

% 

% 

% 


white 


1648 

Insignificant; soft talcy feel 

79 

455 

25.1 

9.2 

35.7 

1657 

Very little; yellow, soft talcy 
feel 

78 

460 

25.5 

9.4 

35.7 

1660 

Very little; fine, soft feel 

82 

560 

24.6 

9.1 

36.7 

Av 


79.7 

492 

25.2 

9.2 

36.0 


SOFT RED WINTER 


1662 

Very little; coarse, talcy feel 

70 

405 

34.4 

10.6 

23.9 

1646 

Moderate; soft granular feel 

94 

350 

28.4 

9.3 

33.7 

1647 

Much 

74 

340 

27.0 

7.4 

37.2 

1645 

Moderate; soft feel 

74 

542 

25.1 

7.2 

41.0 

1656 

Much; light in color due to 
flour, ver> soft 

72 

468 

20.4 

5.7 

49.7 

1669 

Very much; looks like feed 
middlings 

76 

315 

18.3 

5.2 

i 

53.0 

Av 


76.7 

403 

25.6 

7.6 

39.8 


H \RI> SPRING 


1652 

Moderate; fairh soft 

98 

358 

32.7 

10 7 

27.7 

1653 

Moderate, fairh soft 

84 

330 

35.3 

12.4 

19.8 

1654 

Moderate, large flakes, some 
bran 

79 

375 

33.6 

12 4 

22.7 

1668 

Ver\ little, giitt\ 

86 

375 

30.7 

10 9 

28.9 

Av 


86 8 

360 

33.1 

11.6 

24.3 


HARD R1 D WIN!PR 


1649 

i 

Vers little, tine, granular feel 

117 

275 

33.4 

11.2 

25 9 

1650 

Muc h 

65 

375 

27 7 

7.2 

37.8 

1651 

Moderate; faiilv soft 

81 

366 

32.4 

9.7 

28.5 

1661 

Very little; >ellow, coarse 
rough teel 

82 

480 

31.3 

9.5 

29.4 

Av 

* 

86.3 

374 

31.2 

9.4 

30.4 


DURUM 


1658 

1655 

Av 

Little; soft feel 

Insignificant; ver> harsh and 
granular 

71 

143 

107 

453 

330 

391 

29.7 

32.7 

31.2 

11.9 

15.0 

13.5 

26.3 

22.2 

24.2 


Minimum 

65 

275 





Maximum 

143 

560 





Average 

84.5 

401 





1 From 10 g 
‘ From Tabl 


germ, 
e I. 
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relatively low nitrogen contents) were in fact moderately or even much 
contaminated with endosperm. Moreover it is true that four of the 
six samples described as showing “moderate” contamination were 
actually considerably contaminated with endosperm. Of the 19 
samples of wheat germ, two were granular in form and were consid¬ 
erably heavier than the flaked germ, the weight of one cupful or 
half-pint being 117 and 143 grams, respectively; the average weight 
of the other 17 samples was 79.1 grams, but even among these the 
weight varied from 65 to 98 grams. 

The two forms of wheat germ—flaked and granular—are obtained 
by following quite different milling procedures. The flaked germ, as 
already stated, was produced in the regular process of milling; the 
germ particles in passing between the rolls became flattened. The 
granular germ probably resulted from removal of the germ by means 
of a gravity separator before the mixture went to the final rolls. 
These two procedures seem to be in extensive use in the milling indus¬ 
try for the manufacture of these two types of wheat germ. . 

While the total nitrogen of the two forms of wheat germ is essen¬ 
tially the same, the proportion of total N soluble in 3% salt solution 
is approximately 50% in the case of granular germ, as against 70% 
in the case of flaky germ. Likewise the proportions of total N soluble 
in K 2 S0 4 are 50% and 60%, respectively. 

Diastatic activity: The diastatic activity expressed as “maltose 
figure” was determined according to the Official Methods of the 
A. O. A. C. (1935) (Blish and Sand sled t). An average of 401 mg of 
maltose per 10 g of germ was found for the 19 samples, the maximum 
being 560 and the minimum 275. The samples of germ from white 
wheat yielded an average of 492 mg of maltose per ten grams of germ; 
those from soft red winter wheat germ, 403; durum, 391; hard red 
winter, 375; and hard red spring, 360 mg (see Table V). Commercial 
germ from soft red winter wheats averaged appreciably higher in 
maltose figure than did germ from the hard red wheats, in spite of 
the fact that the former is apparently more contaminated with flour 
than is the latter. 

Summary 

Nineteen samples of wheat germ were used in this investigation, 
including two to six samples from each of the five classes of wheat 
grown in this country. 

Judging from composition, it would appear that the samples of 
germ from hard wheat were purer than those from soft wheat; i.e ., the 
former were freer from flour particles. The germ from soft red winter 
wheat contained an average of 39.79% of undetermined carbohydrate, 
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while the germ from hard spring wheat contained only 24.28%, the 
difference being largely due to admixed endosperm. 

The germ from white wheat showed greater variations in its com¬ 
position than that from the other classes. The diastatic activity and 
sugar were higher and the protein and ash lower in the germ from white 
wheats than in that from the other wheats. 

Germ from hard red spring and durum wheats averaged appre¬ 
ciably higher in fat than did germ from winter wheats. 

In general, the nitrogen content of the germ is correlated with the 
class of wheat; e.g ., hard spring wheat germ was highest in nitrogen, 
the average being 5.82%; durum wheat germ came next with 5.45%; 
then followed in descending order germ samples from hard red winter 
(5.42%), soft red winter (4.54%), and white wheat (4.38%). 

The alcohol-soluble nitrogen of wheat germ makes up about one- 
seventh of the total nitrogen, whereas in flour fully half of the total 
nitrogen is alcohol-soluble. The salt-soluble nitrogen of wheat flour 
constitutes one-fourth of the total nitrogen, while that of the germ 
makes up over 60% of the total. The fraction regarded as albumin 
and globulin was found to lx* much higher in the germ than in the 
flour; it represented 51.2%' of the total nitrogen in germ and 20.7% 
in flour. 

In general, when the amount of endosperm w^as high the proportions 
of nitrogen soluble in 70% alcohol and the copper-hydroxide-precipi¬ 
tated nitrogen were high, whereas the proportions soluble in 3% sodium 
chloride and in 5% potassium sulfate solutions were low. 

The average weight per unit volume of flaked germ was consider¬ 
ably less than that of granular germ. 

Five composite samples of germ, each representing a different class 
of wheat, were analyzed for mineral content. 
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Much interest in the use of wheat germ as a food and in bread 
making has recently become apparent. About 30 years ago the im¬ 
portance of vitamins in the'diet was first brought forth, and since that 
time tremendous progress in research on the vitamins has been made. 
Wheat germ has for some time been recognized as an excellent source 
of vitamin E, as well as a rich natural source of several of the B vita¬ 
mins. The germ is very rich in most of the essential food factors 
present in the grain. 

Br^ad furnishes practically as many calories in the diet as any 
other single article of food. Increasing the vitamin and mineral con¬ 
tents of bread and supplying good-quality protein through bread would 
insure much better nutrition to most people, particularly those in 
** ; income groups. This article reports the results of studies of 
germ ron. f w j leat g erm j n t ^ e baking of bread, 
former were k_ 


wheat contained m ^ ca ^ Research Division Contribution No. 89. 

he annual meeting of the American Association of Cereal Chemistry, New York, 
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Experimental 

Effect of the whole germ , the extract , and the residue in bread: The 
basic formula and procedure adopted by the American Association of 
Cereal Chemists (1928) were used in making bread, except that a 
portion of the flour was replaced by germ Two series were used, 
one in which the germ was merely wetted and the other in which the 
germ was first steeped or macerated in water for 18 hours at 10°C. 
(The term “ steeping M as used in this paper applies to the soaking of 
the germ in water for a period of time varying from a half hour to 24 
hours.) Figure 1 shows photographs of the bread 



(ontiol wheat germ 10 r f when germ I0 cr r wheat germ 

(flour only) added <1 tv wcttid but not steeped 18 hrs 

steeped 



Ext rat t tiotn gt int 
wetted hut not 
steeped 


Extrut nom geim Residue trom perm Residue from germ 
steeped 18 hr» wttted but not steeped 18 hrs 

steeped 


I tg 1 lhe effect of sueped wheat gum txtiact tnd icsidut from stttped germ on biead making 

propones (UV r germ) 


Loaf 4, which contained the steeped germ, wms much better in 
textuie, grain, volume, and color than Loaves 2 and 3 Loaf 5, which 
contained the extract from the germ which had simply been wetted, 
was not nearly so good as Loaf 6, which contained the extract from the 
germ steeped 18 hours. Loaf 6 was even better and lighter in color 
than the control. The marked increase in the whiteness of Loaf 6 
as compared with that of the control is regaided as due to an increase 
in net oxidizing activities developed during the steeping pf the gerKi. 
Loaf 7, which contained the residue left after extrac&cm of the gerni 
momentarily wetted with water, was slightly bette^than Loaf 8, which 
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contained the residue from the germ which had been macerated 18 
hours. It is very evident that during the steeping of the germ changes 
take place which affect its bread-making properties. It is also evident 
that the substances which favorably affect the loaf are to be found in 
the extract rather than in the residue. 

Effect of time of steeping on bread making properties: Bread doughs 
containing 15% of germ steeped 1, 2, 3, 5, and 7 hours were baked and 
compared with one that contained the germ which had simply been 
wetted. These breads were made according to the following formula 
and procedure: 

Mix the following ingredients and let the mixture stand the required time (stated 
above). 


Germ 

47 

g 

Salt 

4.7 

g 

Water 

80 

ml 

Potassium bromate 

10 

mg 

Flour 

180 

g 

Water 

100 

ml 

Yeast 

7.8 

K 

The ingredients listed above 
Allow to ferment 3 hours at 

27°C. 



Dough: Add the following ingredients to the sponge. 

Flour 88 g 

Powdered skim nnlk 9.5 g 

Sugar 6.3 g 

Fat 6.3 g 

Allow to ferment 45 minutes at 27°C. 

A photograph of the bread is shown in Figure 2. It will be noted 
that Loaf 1, which contained the germ that was simply wetted for only 
a few seconds, was poor in grain and volume and that with increase in 
time of steeping up to 5 or 6 hours there was increased improvement 
in the quality of the loaf. The improvement after 4 hours was, how¬ 
ever, only slight. Preliminary experiments had shown that the im¬ 
provement beyond 7 hours'was negligible. 

Effect of quantity of germ: Germ steeped for 3 hours was added to 
the dough to the extent of 2.}, 5, 10, 15, and 20%,, bast'd upon the 
weight of the flour. To overcome the effects of proteolytic enzymes, 
1 mg of potassium bromate was added to each loaf for each 5% of 
germ. The control contained no wheat germ and no bromate. Fig 1 - 
ure 3’s a photograph of the breads. The addition of 2\% of wheat 
germ improved the quality of the loaf, while 5% seems to have had no 
deteriorating effects upon the quality of the bread (volume, grain, and 
textliffih as compared to bread containing only white flour. The 
eaditiorfc||fl5% of germ produced a bread which was very satisfactory 
irom everyVoint of view (see Loaf 5). Even the bread containing 
20 % of wheat geurn could be considered to be of good quality. 
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Merely wetted but Steeped 1 lir Steeped 2 lirs 

Li not steeped 




( out ml (none) 2J per tent S pet cent 



10 per cent IS per cent 20 per cent 

Fig 3 The effect of quantity of germ on bread making properties (germ steeped 3 hrs in each case, 

except the control) 
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Effect on bread quality of the addition of varying amounts of potassium 
bromate to doughs containing 20% of germ: Oxidizing agents such as 
potassium bromate are quite generally used in bread making. Their 
effects are regarded as due in large part to their counteracting the 
harmful effects of glutathione. The question arises as to whether 
addition of potassium bromate, if used in relatively large quantities 
with dry germ, will produce breads as satisfactory as those produced 
by the use of steeped germ either alone or with potassium bromate. 
In the case of breads containing the dry germ (upper row, Fig. 4), 



Dry germ Dry germ Dry germ Dry germ 

no bromate 12 6 mg bromate 25 2 mg bromate 37 8 mg bromate 



Steeped germ Steeped germ Steeped girm Steeped geim 

no bromate 6 1 mg hi ornate 12 6 mg bromate 18 9 mg bromate 


Fig 4 The cfftct of varying amounts ot potassium bromate with dry and ntceped wheat germ used 
in bread m iking (one pound loaves; (20% germ) 


the baking properties were improved as the amount of bromate was 
increased Larger quantities of potassium bromate were not used 
because 37.8 mg is already in excess of quantities that seem advisable 
to use m food materials In the case of doughs containing steeped 
germ, the bread-making properties were improved as the result of 
adding up to 12.6 mg of potassium bromate per loaf. Loaf 4, which 
contained the dry germ and 37 8 mg of potassium bromate, was not 
as good as Loaf 5, which contained the steeped germ and no bromate. 
The addition of potassium bromate to dough containing either dry or 
steeped germ improves its baking properties, but the oxidizing effects 
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of the bromate do not fully account for all of the improvement in the 
quality of the bread made with the steeped germ. 

Effect of procedure used in making germ bread: Four different baking 
procedures with essentially the same formula have been developed for 
making germ bread, and all have proved very satisfactory. Breads 
made by these four procedures and by two other less satisfactory pro¬ 
cedures are shown in Figure 5. In all cases bread was made with 15% 
of wheat germ and 85% of patent flour. While Loaves 1 and 5 were 
made by the formula already described, the procedures used in com- 



th«» .ul(l«d ti> the dough mixed at^ame 

tin dough time 



S 1 lit efftHt of the prtxeduie or the manner in which the ingredients axe incorporated (15% germ) 

billing the ingredients differed somewhat, as showm in Figure 5. 

Two of the loaves of bread (Nos 2 and 3, Fig. 5) were of relatively 
poor quality, w r hile the other four were quite satisfactory. Loaf 2 
was a sponge-and-dough bread, the dry germ having been added to 
the dough. Loaf 3 was made from a straight dough containing dry 
germ. The other loaves were made by procedures in which the germ 
had been given some kind of treatment before being added either to 
the sponge or the dough. In the case of Loaf 1, the germ was steeped 
3 hours before being added to the dough; for Loaf 4, the dry germ 
was added to the sponge 3 hours before the latter was formed into the 
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dough; and for Loaf 5, steeped germ was added to the sponge. The 
sponge for Loaf 6, containing nothing but the germ, yeast, and a part 
of the water, was fermented 2 hours, at the end of which the other 
ingredients were added to form the dough. A further 2-hour fermen¬ 
tation period was given with a punch at the end of 1J hours. 

Somewhat less yeast (6.3 g) but more sugar (7.8 g) was used for the 
other five loaves. Water was the only ingredient which in all cases 
was in contact with the germ in the four procedures which yielded 
satisfactory bread. Therefore, it is evident that favorable changes 
take place when germ is in contact with water, whether yeast is present 
or not. The laboratory work described in this manuscript was com¬ 
pleted in May, 1940, and a paper covering the work was read by title 
at the convention of the American Association of Cereal Chemists that 
year. Since that time Hullett and Stern (1941) have presented data 
from which it would appear that yeast is the chief factor in the elimina¬ 
tion of the harmful effects of glutathione. The data here reported 
show that water by itself counteracts the effects of glutathione or 
other harmful products found in germ. 

Germ from different types of wheal: Grewe and LeClerc (1943) made 
a study of the composition of samples of germ from white winter, soft 
red winter, hard spring, hard red winter and durum wheat. Baking 
tests were conducted in which 15% of the flour was replaced by germ 
from these various types of wheat. This ratio of 85 parts of white 
flour to 15 of wheat germ was finally agreed upon, because it has been 
generally admitted that in order to make 44 germ bread” as rich in 
thiamin as whole wheat bread, some 15% of germ must be used. 
Photographs of the bread sections are shown in Figures 6 and 7. 

All of the loaves containing germ from soft white winter, soft red 
winter, hard red winter, and durum wheat were satisfactory. In 
general, there was a relationship between composition and bread¬ 
making properties. Bread made with each of the four samples of germ 
from hard spring wheat was smaller in volume and poorer in grain and 
texture than bread in which germ from the other four classes of wheat 
was used. 

Geddes (1930) found that germ added to fifth-middlings flour re¬ 
duced its baking quality as reflected in poor handling properties of the 
dough and in the quality of the bread, which had a coarse, open grain 
and a smaller volume. Since other investigators have encountered 
similar difficulties, it was quite easy to believe that the addition of 
wheat germ in the making of bread resulted in marked depreciation 
in the quality of the loaf. 

The two procedures generally used for making bread are a straight 
dough and a sponge and dough. Many bakers are of the opinion that 
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flour substitutes, adjuncts, or improvers should be added at the dough 
stage rather than to the sponge. Our experience indicates that wheat 
germ should preferably be added to the sponge or should be given a 
preliminary steeping in water. When treated in either of these two 
ways very good wheat germ bread can be made, as we have shown here. 



Soft white winter 


Soft red winter 

Fig 6 Bread made with lS' t wheat germ and 85% patent flour. 



Hard red winter Durum 

Fig 7 Bread made with 1S% wheat germ and 85% spring patent flour 


The effect of adding sodium chloride to wheat germ: The addition of 
salt to the germ (in quantities normally used in baking bread) has a 
very marked effect on the ease with which the dough is handled. Our 
experiments show that when salt and water are added to the germ 
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the colloidal properties of the germ are changed, a jell-like mass being 
formed. 

Five mixtures of 10 g of germ with 50 ml of water containing 0, 1, 
2, 3 and 4% of sodium chloride were prepared and transferred to glass 
cylinders. Ninety minutes later the photograph shown in Figure 8 



was taken. It will be noted that there was a decrease in the depth of 
liquid above the suspension of germ with increase in the concentration 
of sodium chloride. The liquid which separated from the mixture con¬ 
taining no salt wms milky in appearance, while that from mixture^ 
containing salt was clear. Cylinder 5 in Figure 6 contained salt in the 
proportion most nearly approximating that used in bread making. 

The viscosities of similar preparations were determined by use of 
a MacMichael viscometer. The results as charted in Figure 9 show 
that the addition of sodium chloride caused a very marked increase in 
viscosity. For example, the germ mixture in which no salt was used 
had a viscosity of 20° MacMichael, while that containing 3% of salt 
had a viscosity of 680° MacMichael. 

Diastatic power: The improvement in baking properties observed 
when wheat germ is steeped before addition to flour dough very prob¬ 
ably results from a number of factors, rathe r than just one. Since 
enzyme activity is known to be important in bread making, a study 
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was made of the quantity of maltose produced by the addition of 
steeped germ. 

It is well known that steeping of wheat and barley results in in¬ 
creased amylase activity. It was noted that with an increase in time 
of steeping of wheat germ added to flour dough, there was an increase 



Fjg V Effect of variation in < oncentration of sodium chloride solution on apparent viscosity of 
wheat germ (30 g germ to ISO ml solution). 

in the intensity of the color of bread crust, indicating an increase in 
the amount of sugars present. This suggested that there was an 
increase in the aimlase activity of wheat germ produced as a result of 
steeping. Diastatic power determinations were made on extracts pre¬ 
pared by steeping germ for var>ing lengths of time. The procedure 
used was a modification of the method for the determination of the 
diastatic power of malt as adopted by the Association of Official Agri¬ 
cultural Chemists (1935). The results showed that with increase in 
time of steeping, during the first 7 to 8 hours, there was a sharp 
increase* in diastatic power (Fig. 10). 

Oxidation-reduction: Twenty ml of extract, equivalent to 4 g of the 
germ, was placed in a 250-ml Erlenmeyer flask; 4 ml of 12 iYHaS 04 
was added; a known excessive amount of 0.01 AT iodine solution was 
added, followed by 3 ml of a 0.5% starch solution. The extract- 
mixture was then titrated with standard NaaSaOs solution to the 
disappearance of the characteristic blue color. The total volume of 
the iodine solution used in the titration minus the iodine equivalent 
of the NaaSjOg solution represented the iodine necessary to oxidize 
the reducing agents present in the extract-mixture. Data showing the 
amount of iodine consumed per gram of germ steeped for varying 
lengths of time are given in Figure 10. The extract from 1 g of germ 
which had been in contact with water for 30 minutes required 1.06 ml 
of the standard iodine solution for oxidation. The extract of germ 
steeped 24 hours required only 0.64 ml of iodine. The oxidation of 
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Fig. 11. Effect of time of steeping wheat germ on iodine consumption (10°C). Curve l - Ex¬ 
tract separated after steeping for various periods of time. Curve 2 * Extract separated 30 minutes 
after steeping and tested immediately, and again after 24 hours. 
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the germ extract obtained during the first 6 hours was the most rapid. 

Tests were also conducted to determine whether the substances 
causing oxidation were soluble in water. This was done by saving a 
portion of the extract which had been in contact with the germ for 
30 minutes and testing it again at the end of 24 hours, at which time 
it required only 0.66 ml of O.OliV iodine for oxidation. This is re¬ 
garded as evidence that the substances causing oxidation are soluble 
in water and retain that property when separated from the residue. 
Tests were made on three samples of germ. Curves similar to those 
shown in Figure 11 were obtained in all cases. 

From this experiment it is evident that oxidation took place during 
the time the wheat germ was in contact with water. Von Kuthy 
(1937) showed that ascorbic acid increased during germination. Mel¬ 
ville and Shattock (1938) found that flour contains an ascorbic acid 
oxidase. Sullivan, Howe, and Schmalz (1936) isolated glutathione 
from wheat germ. Hopkins and Morgan (1936) found that when 
ascorbic acid and glutathione are together in the presence of the 
ascorbic acid oxidase, the glutathione wholly protects the ascorbic acid 
from oxidation, while the glutathione itself is oxidized at a rate which 
is exactly the same as that at which ascorbic acid is oxidized when 
alone. These facts indicate that in our water extract of wheat germ, 
glutathione was being oxidized by the dehydroascorbic acid produced 
by the oxidase, or perhaps by the oxidase itself. 

Doughs made with the dry germ have a sticky property which 
cereal chemists regard as due to proteolysis. Steeped germ, when 
incorporated in the mix, does not impart this characteristic sticky 
property to the dough. 

A change in oxygen consumption indicates a change in the balance 
of two effects, one due to reducing agents such as glutathione and 
ascorbic acid and the other to oxidizing action of the oxidases. Oxida¬ 
tion-reduction potentials might have been of value in interpreting 
the data, but this phase of the work was beyond the planned scope of 
this investigation. 

Summary 

The term ‘'steeping 0 as used in this paper applies to the process 
in which water is added to wheat germ and the two allowed to stand 
for a period of time, usually from 1 to 7 hours. 

The steeping of wheat germ causes a marked improvement in its 
bread-making properties when added to flour dough. The extract of 
momentarily wetted germ, when separated and incorporated in bread 
dough, produces somewhat inferior loaves, whereas the extract of 
steeped germ produces a loaf as good as, or even better than, the 
control (Fig. 1). 
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The beneficial effect of steeping increases with increase in time up 
to 6 or 8 hours. The addition of potassium bromate, along with germ, 
results in an improvement in bread-making properties. 

Steeped germ up to 10% can be added to flour dough without 
appreciable detrimental effects on the quality of the loaf. The addi¬ 
tion of 2\% or 5% of steeped germ may give even better bread than 
when no germ is used. The use of IS to 20% produces a very satis¬ 
factory bread. 

In a study on germ from different classes of wheat very satisfactory 
bread was produced when germ from white, soft red winter, hard red 
winter, and durum wheats was used. Germ from hard spring wheat 
was not so satisfactory for bread as was germ from the other classes of 
wheat. 

The addition of salt (in amounts normally used in bread making) 
to the germ during steeping causes an improvement in the handling 
properties of the dough. The colloidal properties of the germ as 
measured by viscosity are appreciably changed by the addition of 
salt solutions. 

The steeping of wheat germ results in an increase in its diastatic 
power. There is also a decrease in oxidizable substances. These 
changes are quite rapid at first, with some change taking place over a 
period of 7 hours. 

In order to produce the best bread, the germ should be steeped for 
about 3 hours before being added to the dough or to the sponge. 
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THE EFFECT OF MATURITY UPON THE QUALITY OF HARD 
RED SPRING AND DURUM WHEATS 1 

R. H. Harris, E. A. Helgeson, and L. D. Sibbitt 

North Dakota Agricultural Experiment Station, Fargo, North Dakota 
(Read at the Annual Meeting, May 1942) 

The investigation reported here was undertaken to obtain infor¬ 
mation regarding the effect of maturity on certain properties of hard 
red spring and durum wheats. The results may be of value in the 
interpretation of information obtained in pre-harvest wheat surveys 
for the purpose of forecasting wheat quality. Advantage likewise may 
accrue to the grain producer who can commence harvest at a relatively 
early date, with consequent saving of labor, provided no significant 
sacrifice in quality is entailed. Early harvest is also important in the 
Great Plains area when grasshopper infestations threaten to reduce 
yield. 

A number of papers may be found in the literature relative to the 
effect of maturity on wheat quality. Humphries and Biffen (1907) 
found no significant differences in baking strength in wheat cut at 
green, ripe, and dead ripe stages, and Stoa (1924) found only minor 
variations in protein content and baking quality of early- and late- 
harvested Marquis wheat. Very similar conclusions were reached by 
Mangels and Stoa (1928), though there were slight differences in baking 
quality in favor of the riper samples. Wilson and Raleigh (1929) 
found that loaf volumes of Marquis wheat flours were larger for the 
immature samples, but color and texture improved with degree of 
ripeness. 

Sharp (1925) thought that the density of wheat was not greatly 
affected by the stage of maturity at which the wheat was harvested, 
although Mangels and Stoa (1928) showed that immature Marquis 
had a lower test weight than mature wheat. Sharp and Elmer (1924) 
found evidence that slight changes in the protein fractions took place 
as the kernel developed, without much change in the quantity of total 

1 The investigations reported in this paper were principally supported by fundS'ContnbutecI through 
Bankhead-Jones Project No. 18-1207 “Research in the Statistics of Agriculture and the Associated 
Statistical Theory,” in which the Bureau of Plant Industry and the Agricultural Marketing Service 
of the Department of Agriculture cooperated with the Experiment Station. 
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protein. Sharp (1925) reported a decrease in the percentage of amino 
acid with kernel development. 

Newton and McCalla (1934, 1935) and McCalla and Newton 
(1935), in a series of extensive studies on the effect of wheat maturity 
on physical properties, chemical composition, and baking strength, 
found that 58% dry matter content represented a critical stage in the 
development of Canadian hard red spring wheat. Samples harvested 
after this point were approximately mature. 

Miller (1939) presented detailed data on changes in composition of 
winter wheat at different stages of development. The nitrogen content 
of the grain increased from the commencement of formation until 
maturity. 

Plan of Experiment 

An experiment was laid out in which three varieties of hard red 
spring wheat—Thatcher, Ceres, and Premier—were planted in repli¬ 
cated plots at Fargo. In addition, one variety of durum was also 
planted. Two dates of planting were used. The first, denoted as 
“early ” in this investigation, coincided closely with the normal seeding, 
while the second or “late” series was distinctly late in respect to 
common practice. The wheats were planted in a randomized block 
arrangement, four replications of each wheat being used for each date 
of planting. Early and late seedings were included in each block. 
Individual plots were 210 feet long and 6 feet wide with 18-inch alleys 
between plots. 

For sampling, the plots were divided in the center and samples 
taken at random from each half plot. A 10-foot area at the end of 
each plot was left as a guard and not sampled. Sample areas were 
chosen at random in the laboratory prior to sampling by the use of 
Tippett’s random sampling numbers and the areas so found were 
located in the plots by measurement from the ends of each half plot. 
Individual sample units were 1X4 feet in size, taken by placing a 
rectangular wooden frame across the plot to include 8 drill rows. All 
plants within the quadrat frame were pulled and reserved for detailed 
examination. These units were taken from the center of the plot, 
leaving two outside rows at either end of the quadrat frame unsampled. 
A 1-foot strip was also left between adjacent sample units. For the * 
pre-harvest samples 3 units were taken from eacli half plot making a 
total of 6 for each plot or 24 composited for any one variety. At 
maturity 4 units were taken from each half plot, making a total of 32 
individual samples composited for each variety. 

The first samples were taken 12 days before what was considered 
to be the normal harvest date. The normal date was estimated by 
adding 30 days to the date on which head emergence took place. This 
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period is rather longer than the average but approached quite closely 
the normal period for the 1941 season at Fargo. The samples were 
taken at 2-day intervals from the first sampling until the 30-day 
period had elapsed. The heads were immediately removed from the 
straw, and air-dried under laboratory conditions. The heads were 
then run through a miniature thresher, and the hulls and similar 
material removed by winnowing. Figure 1 shows the apparatus used 



Fig. I. Apparatus used to thresh head samples from indtv'idual sample units 

in threshing the samples. Following threshing the samples were 
stored in paper sacks in a dry room for several weeks prior to milling. 
The average moisture content of the samples was 10.7%. It is realized 
that the composition and possibly some of the properties of the more 
immature samples would be changed slightly from corresponding 
values at the time the grain was actually cut. McCalla and Newton 
(1935) have shown that loss of carbon occurs owing to respiratory 
activities during air drying of immature material, but that this method 
of drying more nearly approximates field conditions of curing than 
does more rapid drying. There is also the probability that more 
drastic drying would alter the baking quality. 
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The samples, which were too small for milling with the regular Allis- 
Chalmers experimental mill, were cleaned and scoured. Aliquots 
were taken for moisture and protein determinations. Test weight and 
grade were also determined, the former by a micro method described 
by Harris and Sibbitt (1942). When sufficient wheat was available 
175 g was used for milling; otherwise 100 g was employed. These 
millings were done on a micro mill with the production of a long-patent 
or straight-grade flour by essentially the method developed by Geddes 
and Aitken (1935) and employed by Harris and Sanderson (1939). 
These flours were then baked by a micro formula, employing 25 g of 
flour, 0.3% high diastatic malt, 0.001% KB 1 O 3 , 0.1% ammonium 
phosphate (monobasic), 2.5% sucrose, 1.0% NaCl, and 3% yeast. 
A 3-hour fermentation period was used. The doughs were mixed for 
2\ minutes in a Hobart mixer equipped with special dough hooks. 
Micro-baking methods have been described by Geddes and Aitken 
(1935), Harris and Sanderson (1938), Van Scoyk (1937, 1939), and 
others. 

In addition to the samples taken at 2-day intervals, four 10-pound 
samples of Thatcher and Mindum were collected at different stages 
of maturity from the same field experiment in order to have a sufficient 
quantity of material for further studies regarding the effect of maturity 
upon biochemical properties of the gluten and on macaroni quality. 
The Thatcher series was milled on the Allis-Chalmers experimental 
mill, while the Mindum was milled and the resultant semolina processed 
by techniques described by Harris and Sibbitt (1942). Glutens were 
washed from these larger samples and their dispersibilities in 10% 
sodium salicylate solution were determined. The increase in viscosity 
with time of dispersion was ascertained by means of the Ostwald 
capillary pipette according to a procedure described by Harris and 
Johnson (1941). Changes in protein concentration in the liquid were 
also found. Analytical methods conformed to those described in 
Cereal Laboratory Methods (4th ed.). 2 

Mixogram curves were obtained on the flour samples milled from 
the Thatcher wheat, and these flours were also baked by the malt- 
phosphate-bromate method with 3-hour fermentation and 100 g of 
flour. 

Discussion of Results 

Descriptive data with wheat protein and milling yields are shown 
in Table I, while the baking data are shown in Table II. In the case 
of the late plantings the 8- and 6-day samples of Ceres were not ob¬ 
tained and the values at these dates therefore represent the averages 

* Published by American Association of Cereal Chemists, 110 Experiment Station Hall, Lincoln, 
Nebraska. 
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TABLE I 

Milling and Various Other Data Collected on the Hard Red Spring Wheat 
Samples Harvested at Different Stages of Maturity 


Variety 

Days be¬ 
fore final 
cutting 

Maturity of 
grain 

Protein 1 

Vit¬ 

reous 

kernels 

Test 

weight 

Grade * 

Flour 

yield 

Ash 1 




% 

% 

Ibi/bu 


% 

% 


early planting 


Thatcher 

12 

Green 

13.5 

40 

52.1 

5 NS 

64.5 

0.59 

I 4 

10 

Green 

13.2 

65 

53.8 

4 NS 

65.7 

0.58 

a 

8 

Green 

14.0 

75 

55.8 

3 DNS 

65.6 

0.56 

tt 

6 

SI green 

14.2 

85 

55.9 

3 DNS 

65.0 

0.56 

it 

4 

Ripe 

14.2 

95 

55.8 

3 DNS 

65.8 

0.55 

tt 

2 

Ripe 

14.2 

95 

55.6 

3 DNS 

67.3 

0.61 

11 

Harvest 

Ripe 

14.7 

95 

55.5 

3 DNS 

66.9 

0.58 

Premier 

12 

Green 

13.4 

65 

54.0 

4 NS 

66.8 

0.68 

i 4 

10 

Green 

13.6 

70 

57.8 

2 NS 

68.6 

0.65 

ii 

8 

Green 

14.2 

85 

58.6 

1 DNS 

67.3 

0.63 

ti 

6 

SI green 

14.4 

85 

58.7 

1 DNS 

69.8 

0.63 

ii 

4 

SI green 

15.0 

90 

59.0 

1 DNS 

70.0 

0.60 

<4 

2 

Ripe 

14.9 

95 

58.6 

1 DNS 

70.5 

0.68 

44 

Harvest 

Ripe, Br Kern 

15.1 

95 

58.1 

1 DNS 

71.0 

0.63 

Ceres 

12 

Green 

12 7 

65 

52.0 

5 NS 

61.1 

0.58 

11 

10 

Green 

13.4 

75 

53.5 

4 DNS 

62.3 

0.59 

it 

8 

Green 

13.4 

85 

52.7 

5 DNS 

64.1 

0.63 

** 

6 

SI green 

13.9 

90 

54.2 

4 DNS 

66.4 

0.61 

44 

4 

Ripe 

14.0 

95 

54.3 

4 DNS 

64.6 

0.54 

44 

2 

Ripe 

14.1 

95 

53 8 

4 DNS 

63.4 

0.56 

44 

Harvest 

Ripe 

14 0 

95 

52.7 

5 DNS 

65.6 

0.56 


LATE PLANTING 


Thatcher 

8 

Green 

15.9 

70 

55.6 

3 NS 

69.7 

0.70 

44 

6 

Green 

16 2 

75 

55.2 

3 DNS 

65.3 

0.69 

ti 

4 

SI green 

16.0 

80 

55.0 

3 DNS 

71 8 

0.73 

“ 

2 

SI green 

15.8 

95 

55.0 

3 DNS 

68.6 

0.65 

ti 

Harvest 

SI green 

16.1 

95 

55.0 

3 DNS 

63.7 

0.61 

Premier 

8 

Green 

15.3 

70 

56.7 

3 NS 

66.8 

0.74 

tt 

6 

Green 

14 6 

80 

55.0 

3 DNS 

67.5 

0.71 

“ 

4 

SI green 

15 2 

85 

57.5 

2 DNS 

67.0 

0.71 

tt 

2 

SI green 

15.4 

90 

57.3 

2 DNS 

67.7 

0.67 

11 

Harvest 

SI green 

15.6 

95 

55.0 

3 DNS 

65 4 

0.66 

Ceres 

4 

SI green 

15.0 

75 

52.7 

5 DNS 

67.9 

0.73 

<4 

2 

SI green 

15.3 

90 

52.9 

5 DNS 

67.3 

0.76 

44 

Harvest 

SI green 

14.8 

95 

53.7 

4 DNS 

62.2 

0.61 


10-POUND SAMPLES MILLED ON ALLIS-CHALMERS EXPERIMENTAL MILL 


Thatcher 

it 

Harvest 
date 
July 19 


13.2 

20 

39.9 

SGRS 

39.8 

0.76 

July 24 

— 

13.1 

60 

51.7 

5 NS 

59.0 

0.54 

ii 

July 28 

— 

13.9 

75 

57.2 

2 DNS 

66.7 

0.44 

ii 

Sept. 3 

— 

14.8 

95 

54.4 

4 DNS 

67.7 

0.39 


1 Results calculated to 13.5% moisture basis. 

* Letters denote first letter of each word m assigned grade; c.g., DNS * Dark Northern Spring. 
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TABLE II 

Baking Data on the Flours Milled from Hard Red Spring Wheat 
Samples Harvested at Different Stages of Maturity 


Variety 

Days before 
final cutting 

Absorption 1 

Loaf 

volume 

Crumb 
gram * 

Crumb 
color * 

Symmetry 4 



% 

cc 





EARLY PLANTING 


Thatcher 

12 

64.6 

157 

5.8 0 

4.2 y 

45 o 

“ 

10 

64.6 

162 

6.5 O 

4.8 y 

4.5 o 

<< 

8 

64.6 

164 

6.2 O 

5.0 y 

4.5 o 

u 

6 

63.6 

174 

7.0 

5 0 y 

4.5 o 

It 

4 

63.6 

179 

7.0 

6.0 y 

4.5 o 

ii 

2 

62.6 

188 

7.2 

6.0 y 

4.5 o 


Harvest 

62.6 

176 

7.2 

6.8 v 

45 o 

Premier 

12 

68.6 

164 

5.8 C, O 

6.0 v 

4.5 o 

i< 

10 

68.6 

158 

6.5 O 

6.5 y 

45 o 

i i 

8 

67.6 

162 

6.0 C, O 

6.5 y 

4.5 o 

II 

6 

67.6 

168 

6.2 O 

7.0 

4.5 o 

<4 

4 

66.6 

158 

6.2 O 

7.0 

4.5 o 

“ 

2 

66.6 

149 

6.2 O 

5.0 g-y 

1 3.8 o 

44 

Harvest 

66.6 

127 

6.0 C 

4.5 g-y 

I 2.2 o 

Ceres 

12 

67.6 

143 

6.5 O 

5.0 y 

3 5 o 

44 

10 

67.6 

158 

6.5 O 

5.0 v 

4.2 o 

44 

8 

65.6 

171 

6.5 O 

6.0 y 

4.5 o 

44 

6 

64.6 

161 

680 

6.0 v 

4.5 o 

44 

4 

64.6 

159 

6.5 O 

62 y 

4.5 o 

44 

2 

64.6 

163 

6.5 O 

6.5 y 

4.5 o 

4 4 

Harvest 

646 

151 

6.5 O 

5 5 y 

3.0 o 


late planting 


Thatcher 

8 

65.6 

197 

6.5 O 

7.5 

4.5 o 

“ 

6 

63.6 

197 

6.8 0 

7.0 

4.5 o 

“ 

4 

63 6 

195 

6.5 O 

7.0 

4.5 o 

(< 

2 

62.6 

193 

6.5 0 

6.5 

4.5 o 

it 

Harvest 

61.6 

166 

6.5 O 

6.5 

3.8 o 

Premier 

8 

67.6 

166 

6.5 O 

6.5 

3.8 o 

44 

6 

66.6 

161 

6.8 0 

6.5 

3.5 o 

it 

4 

65.6 

141 

6.0 0 

6.5 

3.5 o 

<t 

2 

64\6 

131 

6.2 0 

6.5 

3.0 o 

44 

Harvest 

63.6 

139 

6.0 0 

6.5 

3.0 o 

Ceres 

4 

66.6 

173 

6.5 O 

6.0 g-y 

3.8 o 

it 

2 

66.6 

173 

6.5 O 

6.0 g-y 

3.5 o 

it 

Harvest 

65.6 

169 

6.5 0 

7.0 y 

4.0 o 


10-POUND SAMPLES OF THATCHER—BAKED BY 100-G METHOD 


Thau'her 

Harvest date 
luly 19 

63.4 

620 

5.0 C, 0 

2.0 g-y 

3.0 o 


July 24 

61.7 

675 

6.5 0 

4.8 g-y 

4.5 o 


July 28 

58.7 

715 

7.8 

5.5 g-y 

45 o 


Sept. 3 

57.3 

660 

7.5 

6.5 y 

4.0 o 


1 Results calculated to 13 5% moistuie basis, 

8 Gram. O » open, C « coarse, perfect score ■» 10. 

* Color: y » yellow, g-y » gray-yellow, perfect score * 10. 
< Symmetry: o * overoxidi/ed, perfect score « 5. 
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for Thatcher and Premier only. This method of combining the data 
from three varieties into a single value is open to objections, inasmuch 
as individual varietal differences are smoothed out, but a result typical 
of the trends to be expected from the hard red spring wheat crop in 


TABLE III 

Relation of Some Recording Micro Dough Mixer Curve 
Properties to Kernel Age 


Variety 

Harvest date 

Absorption 1 

Height at 
maximum 

Time at 
maximum 
height 

Height after 

10 minutes’ 
mixing 



% 

cm. 

mm 

cm. 

Thatcher 

July 19 

63.4 

8.2 

.9-1.8 

6.9 

«< 

July 24 

61.7 

8.3 

3.6-4.5 

7.5 

(< 

July 28 

58.7 

8.7 

3.6-4.5 

7.5 

ii 

Sept. 3 

57.3 

9.1 

4.S-5.4 

7.7 


1 Results calculated to 13 5% moisture basis. 


general should be represented by this procedure. Mixogram data 
obtained on four samples of Thatcher are shown in Table III. The 
maximum height of the curve, as well as mixing time, increased con¬ 
sistently with kernel age. 



Fig. 2. Rainfall and day and night temperatures at the Fargo field plots during 
the wheat-ripening and post-harvest period. 

Figure 2 represents the rainfall and day and night temperature 
ranges which occurred during the harvest period. It will be noticed 
that there was a heavy precipitation on August 11, followed by cool 
weather approximately two days before the late-planted series was 
ready to cut. 
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Figure 3 shows the effect of maturity upon the percentage of 
vitreous kernels, test weight per bushel, and total flour yield for the 
two series of wheats. The influence of cutting date upon vitreous 
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Fig. 3. Influence of date of harvest upon vitreous kernel content, test weight per bushel, and flour 
yield of three varieties of hard red spring wheat planted at two different times 

kernel content is quite marked for both series, vitreousness increasing 
to a maximum as the grain ripens. The values for the early-planted 
wheats are higher than for those late-planted up to the date of final 
cutting. The test weight results show a somewhat similar trend in 
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the early plantings, but have a tendency to decline after the maximum 
was apparently reached four days before harvest. The late-seeded 
wheats, however, appear to decrease in test weight as ripening 





Imr 4. Influence o* date of harvest upon wheat protein content, flour absorption, and loaf volume of 
three varieties of hard red spring whoat planted at two different times 

progresses. Flour yields in general paralleled the test-weight values, 
except for the more mature samples in the late series. 

Figure 4 shows the trends between harvest date and wheat protein 
content, flour absorption, and loaf volume. The wheat protein content 
increased in the early-planted wheats as maturity approached. No 
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significant differences are noticeable in the late-planted samples, but 
all these values are higher than in the first series. The absorption of 
the flours decreased as ripening progressed in both the early and late 
series; the same effect was also noticed in the Mindum when the 
macaroni was processed. The loaf volume increased to a maximum 
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Fig. 5. Influence of date of harvest upon flour ash and crumb color of three varieties 6f 
hard red spring wheat planted at two different times. 


shortly before maturity in the early planting, then decreased sharply 
for the final sample, while the late wheats showed a consistent decline 
from 8 days before normal harvest to the final cutting. The cause for 
these unexpected changes in loaf volume is not apparent at the 
present time. 




July, 1943 R. H. HARRIS, E. A. HELGESON, AND L. D. SIBBITT 457 


Figure 5 shows the ash contents of the flours and the crumb colors 
of the loaves baked therefrom in relation to date of harvest. Ash 
content had a tendency to decrease as the ripening progressed, 
especially in the late-planted series. This trend reflects the increased 
ease of milling the more mature samples. No reason is evident for 
the decrease in ash 4 days before normal harvest in the early-planted 
series, followed by a later rise. Crumb color showed a distinct maxi¬ 
mum at this point and then fell with increasing ripeness. In the late- 
planted series, color decreased slightly until 4 days before harvest, 
and then increased to the final value at the initial cutting. 

Little harmful effect upon bread wheat quality from harvesting 
wheat slightly before normal ripeness was demonstrated by this study, 
and in the late-planted series it appeared to have a favorable influence. 
Late-seeded wheats were higher in protein content and flour yield, if 
cut early, than the late series, but produced flours of higher ash 
content. 

Descriptive, analytical, and milling data from four samples of 
Mindum durum harvested at different dates are presented in Table IV. 


TABLE IV 

Milling and Other Data Obtained on Four Samples of Mindum 
Harvested at Different Stages of Maturity 


Harvest 

date 

Maturity of gram 

Protein 1 

Vitreous 

kernels 

Test 

weight 

Grade * 

Semolina 

yield 

Ash 1 



% 

% 

Ibslbu 


% 

% 

July 28 

Green 

14.2 

60 

52.7 

5 AD 

37.3 

0.71 

July 31 

SI green 

14.3 

70 

56.1 

3 AD 

42.8 

0.70 

Aug. 4 

SI green 

14.7 

80 

58.3 

2 HAD 

43.2 

0.70 

Sept. 3 

Bleached & si green 

15.4 

85 

58.2 

2 HAD 

44.1 

0.65 


1 Results calculated to 13.5% moisture basis 

* Letters denote first letter of each word in assigned grade, c.g., HAD *» Hard Amber Durum. 


The normal harvest date would be approximately 2 days following 
August 4, while the final date, September 3, represents a very late post¬ 
harvest sample. No substantial amount of rain had fallen between 
the date at which this sample was taken and August 4. The sample 
had bleached slightly, however. The wheat protein, vitreous kernel 
content, and semolina yield increased with maturity. The post¬ 
harvest sample produced the lowest ash. 

The macaroni processing data for the four samples of semolina are 
seen in Table V. The semolina protein content increased with ma¬ 
turity of the wheat, while the number of specks remained constant 
with the exception of the sample nearest the normal harvest date, 
which contained approximately twice the number present in the other 
samples. The absorption decreased steadily with maturity, while the 
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macaroni color score increased in the same order. The effect of 
immaturity upon macaroni color was very evident, and emphasized 
the importance of the degree of ripeness before cutting durum wheat. 
Immature wheat apparently produces semolina requiring more water 
to form a dough of optimum consistency for macaroni manufacture. 
The results of too early cutting upon quality are apparently more 
marked in the instance of durum as compared with bread wheat. 

TABLE V 

Macaroni Processing Data on the Four Samples of Durum Semolina 


Harvest date 

Protein 1 

Specks per 
10 sq in 
semolina 

Absorption 1 

l 

i 

Macaroni color 


% 


% 

Perfect score 10 

July 28 

14.1 

10 

28.9 

2.0 deep brown 

July 31 

13.8 

10 

27.6 

5.0 si brown 

Aug. 4 

14.7 

20 

22.4 

6,0 deep yellow & si brown 

Sept. 3 

14.8 

12 

22 2 

8.0 good translucent yellow 


1 Results calculated to 13 3% moisture basis 


Glutens were washed from the eight large samples of Thatcher and 
Mindum after milling, by methods described by Harris (1938) and 
10 g of the gluten was then dispersed in 100 ml of 10% sodium salicylate 
solution on a rotary shaker. Measurements of viscosity were made 
every 2 hours for 24 hours by means of the Ostwald capillary pipette, 
while the concentration of dispersed protein was likewise determined. 
The data are shown in the form of graphs of viscosity and concentration 
against dispersion time in Figures 6 and 7. The curves in Figure 6 
tend to form two groups corresponding to the class of wheat from which 
the glutens were prepared. The viscosities of the four Mindum 
glutens increased more rapidly than the Thatcher and came to equi¬ 
librium earlier, with the possible exception of the first Thatcher. The 
order of viscosity increase with time for the Mindum glutens corre¬ 
sponded with the order of harvest. In the Thatcher gluten dispersions, 
on the other hand, the increase in viscosity was in the opposite order. 

In both wheats gluten dispersibility decreased with maturity. To 
determine whether consistent differences existed between the rates of 
increase in viscosity and concentration of' proteins in the dispersions, 
the tangent of the angle made by a line drawn tangent from the curves 
at the eighth hour to the base line was calculated. This particular 
point of the dispersion period was chosen because maximum differences 
in the slopes of the different curves become most marked at this time. 
Harris, Olson, and Johnson (1942) have shown that at later periods 
the rates change, and in some instances decrease greatly. It was also 
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found that viscosity in 10% sodium salicylate dispersions after 6 and 8 
hours of dispersion are very closely related. The lengths of the lines 
forming the tangent were measured and their ratios found. The 
differences between the values of the tangents, as determined from the 
viscosity curves and the corresponding tangents of the concentration 
curves, were also found. Table VI shows the data as computed with 



DISPERSION TIME 
HOURS 


Fig. 6. Relationship.s between visco.stty and dispersion t'me in sodium salicylate solution of glutens 
prepared from Thatcher and Mmdum wheats harvested at different dates 


the numerical values of the tangents. The differences between the 
tangents for the viscosity and concentration curves are also shown. 
It will be noticed that this difference became increasingly negative 
with wheat maturity in the instance of the Mindum samples, while in 
the Thatcher dispersions the difference increased positively with length 
of time after heading. 

These results would seem to indicate a change in the constitution of 
the gluten-protein complex during the ripening period. From previous 
work published (Harris and Johnson, 1940), it has been shown that 
hard red spring wheat gluten dispersions in sodium salicylate have 
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relatively higher viscosities than durum wheat. It was accordingly 
postulated that hard red spring wheat gluten dispersions have larger 
protein micelles than durum wheat gluten dispersions. In the present 
study, the differences in the slope of the lines from the viscosity and 
concentration curves become increasingly positive in the case of 
Thatcher, while for Mindum this difference became more negative with 



DlSPCftSIOft TIME 
HOURS. 

Fig. 7. Relationship between protein concentration in sodium salicylate solution and dispersion time 
of glutens prepared from Thatcher and Mindum wheats harvested at different dates. 

lapse of time after heading. This apparently suggests that the 
Thatcher gluten micelles became larger as ripening progressed, while 
for Mindum the opposite was true and the micelles decreased in size. 
In other words, the characteristic difference between Thatcher and 
Mindum gluten particles increased steadily with time after heading. 
One might theorize from these trends that the sizes of the gluten 
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TABLE VI 

Tangents of Angles Computed from the Viscosity and Concentration Data 


Variety 

Date of harvest 

Viscosity 
data— 
tangent 

Concentra¬ 
tion data— 
tangent 

Differences between the 
tangents of viscosity and 
concentration curves 

Thatcher 

July 19 

1.4000 

1.9750 

-0.5750 


July 24 

2.1000 

1.3083 

0.7917 

ii 

July 28 

2.2439 

1.1607 

1.0832 

ii 

Sept. 3 

2.6571 

1.1574 

1.4997 

Mindum 

July 28 

2.7875 

2.9714 

-0.1839 

ii 

July 31 

2.1400 

2.4054 

-0.2654 


Aug. 4 

1.5102 

1.8864 

-0.3762 

ii 

Sept. 3 

1.3043 

1.7273 

-0.4230 


micelles may be nearly the same at an early period in the kernel's 
history, becoming gradually more differentiated with the time of 
ripening until the size characteristic of each wheat type is attained. 

TABLE VII 

Effect of Date of Harvest upon the Volume Fraction and Specific Volume 
of Thatcher and Mindum Wheat Gluten in 10% Sodium Salicylate 


Wheat variety 

Harvest date 

Protein 

concentration 


Volume occupied 
by 1 g (4>l C) 



mg/100 ml 

% 

ml 

Thatcher 

July 19 

2110 

14.2 

6.73 

Thatcher 

July 24 

2050 

17.4 

8.49 

Thatcher 

July 28 

2160 

20.6 

9.54 

Thatcher 

Sept. 3 

2140 

19.0 

8.88 

Mindum 

July 28 

2140 

14.6 

6.82 

Mindum 

July 31 

2120 

14.2 

6.70 

Mindum 

Aug. 4 

2080 

13.0 

6.25 

Mindum 

Sept. 3 

2040 

13.5 

6.61 


Table VII shows the results obtained by computing the volume 
fraction 8 and the volume occupied by 1 g of gluten protein when dis¬ 
persion appeared to have reached completion. The specific volumes 
of the Thatcher glutens show a distinct increase with the age of the 
kernel while in the Mindum the differences do not seem to be 
significant. 

Summary and Conclusions 

The effect of maturity upon various quality factors of hard red 
spring and durum wheat was investigated using samples planted and 
harvested at different dates. 


* These computations were based upon the equation of Kunitz (J. Gen. Physiol 9: 715—725, 
1926): 

/ 1 ± OM 

17/770 * (1 - *)« 

where ij «the coefficient of viscosity of the protein sol. 

■■ the coefficient of viscosity of the dispersions medium. 

^ - the percentage of the system occupied by the volume of the dispersed phase. 
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Vitreous kerne! content increased with maturity. Test weight 
increased in the early planted wheats to a maximum a few days before 
normal harvest, then tended to decrease slightly. Slight decreases 
with maturity in the late planted series were evident. Flour yield 
similarly increased in the early planted series but decreased sharply 
as the grain matured in the late wheats. Weather conditions during 
the latter part of the ripening period may have affected the results in 
this instance. Wheat protein was significantly higher in the late- 
planted wheat and little difference between harvest dates was noticed. 
In the early planted series, however, protein appeared to be higher in 
the more mature wheats. Loaf-volume differences were not great, but 
a slight tendency toward lower values was evident at the end of the 
ripening period. Absorption consistently decreased with maturity. 

Samples of Mindum harvested at four different dates showed in¬ 
creases of protein content, test weight, grade, and macaroni color with 
age of kernel before cutting. Absorption decreased in a manner similar 
to that of the bread wheats. 

Measurements of viscosity and protein concentration upon dis¬ 
persions of glutens washed from these wheats in sodium salicylate 
showed differences in properties that might be attributed to variations 
in particle size. These differences appeared to be related to ripeness 
of the kernel when cut and were characteristic of the wheat variety. 

The effect of maturity at time of wheat harvest appeared to be 
more critical in the instance of durum than bread wheats. In fact, 
in the instance of the late-seeded hard red spring wheats, cutting 
slightly before normal harvest appeared to improve flour yield and 
loaf volume. 
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APPLICATION OF THE BAKER COMPRESSIMETER 
TO CAKE STUDIES 1 

P. P. Noznick and W. F. Geddes 
Division of Agricultural Bux'hemistry, University of Minnesota, St. Paul, Minnesota 
(Read at the Annual Meeting, May 1941) 

Several devices have been designed for measuring the compressi¬ 
bility of bread and cake crumb. Katz (1917, 1928), bailey (1930, 
1932), Platt (1930), Platt and Kratz (1933), King, Morris and White- 

* Paper No. 2050, Scientific Journal Series, Minnesota Agricultural Experiment Station. 
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man (1936), Steller and Bailey (1938), Cathcart (1940), Platt and 
Powers (1940), and others have described various forms of compressi- 
meters and employed them in cereal chemical investigations. Their 
principal application has been in studies of bread staling and the effects 
of variations in formula and procedure on the softness of bread crumb. 
Several of these workers employed a balance type of compressimeter 
similar to that proposed by Platt (1930). Platt and Powers (1940), 
however, described an improved form designed by Dr. J. C. Baker, 
Wallace and Tiernan Company, which permits convenient measure¬ 
ment of compression at a series of stresses; if desired either variable 
may be held constant for a given time and the change in the other noted. 
The instrument is described in Cereal Laboratory Methods (4th ed., 
1941) and is constructed to measure compression over the range of 
0-4 mm and stress over the range of 0-320 g. 

Employing the Baker compressimeter, Platt and Powers (1940) 
studied the effect of several variables on the compressibility of bread 
crumb; among other factors they noted that the softness of bread crumb 
increased with the content of sugar, shortening, and milk solids. These 
observations suggested that the Baker compressimeter might prove a 
valuable tool in cake studies and led to the investigations reported in 
this paper. 

The primary objective was to study factors affecting the precision 
of the test and it was desired to obtain cakes which would vary widely 
in crumb rigidity. Compressibility studies were made with two cake 
types: one, a modified sponge cake, and the other, a plain yellow loaf- 
cake. The sponge cake, being ligjit and elastic, was selected as repre¬ 
sentative of cakes of high compressibility, whereas the yellow loaf-cake, 
with its fine, close grain represented the less compressible types of cake. 
In order further to secure cakes differing in crumb softness, variations 
in formula and mixing procedure were employed. In the instance of 
the sponge cake, the’flour content was varied while, with the yellow 
loaf cake, various increments of sugar and shortening, respectively, 
were employed using both the single-stage and creaming methods of 
mixing. Staling rates of both sponge cake and yellow loaf cake were 
also followed. 

Experimental 

Materials: A high-grade cake flour was employed throughout these 
experiments and the specifications of the other ingredients corresponded 
to those given in Cereal Laboratory Methods (4th ed., 1941) for the cake 
baking test. The test-baking equipment consisted of a Hobart C-10 
mixer equipped with a three-quart bowl, wire whip and paddle, flour 
sifter, rectangular loaf tins, and a Despatch baking oven (Style No. 
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135-R) equipped with a rotary hearth. Two sizes of loaf tins were 
employed, namely the standard cake tin (inside dimensions: top 
4X8 inches; bottom 3}4 X 7% inches; depth inches) and a 
smaller tin (inside dimensions: top X inches; bottom 
X inches; depth 2}4 inches). 

Cake formulas and procedures: The “standard” or reference formu¬ 
las employed in making the sponge and yellow loaf cakes are given in 
Table I. In the instance of the sponge cake, the sugar, eggs, and salt 

TABLE I 


Standard or Reference Formulas for Sponge and Yellow Loaf Cake 



Sponge 

cake 

Yellow loaf 
cake 


g 

g 

Flour (15.0% moisture basis) 

145.0 

280.0 

Sugar 

182.0 

300.0 

Shortening 

— 

150.0 

Eggs (fresh) 

218.0 

150.0 

Milk solids (dry skim) 

5.0 

20.0 

Baking powder 

3.4 

10.0 

Salt 

2.3 ' 

3.5 

Water 

42.0 

180.0 


were placed in the mixing bowl, warmed to 40°C and whipped on high 
speed for 3 minutes. The water, preheated to 40°C, was then grad¬ 
ually added over a period of V/i minutes with the mixer operating 
on second speed; the whipping was then continued until the batter 
assumed a characteristic “soft peak” upon removal of the beater 
(approximately 5% minutes). The flour, into which the milk solids 
and baking powder had been incorporated by sifting twice, was next 
cut in by means of a wide spatula and the mixing completed with five 
revolutions of the paddle on low speed. The better was then scaled 
into either two ungreased standard-size tins with parchment paper 
bottom-liners, or four of the small tins, and baked at 182°C (db3°) for 
25 minutes. 

In the single-stage procedure for yellow loaf cake, the skim-milk 
solids and salt were added to the water, stirred, and placed in the 
mixing bowl along with the remaining ingredients. After mixing with 
the paddle for 1 minute on low speed, the bowl was scraped and the 
batter mixed on second speed for 5 minutes. The bowl was then 
scraped again and the mixing continued for an additional 5 minutes. 
The batter (at 25°C) was scaled into two standard-size or four small- 
size lightly greased tins with parchment paper bottom-liners and baked 
at 190°C (d=3°) for 40 minutes. 
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In the creaming method for yellow loaf-cake, the sugar, shortening, 
and salt were creamed for 5 minutes at second speed, the eggs then 
added slowly over a 5-minute mixing period, and the creaming con¬ 
tinued for a further 10 minutes. The flour and reconstituted milk 
solids were next added in thirds at low speed over a 1 J^-minute mixing 
period. The batter was scaled and baked as outlined for the single- 
stage method. 

The yellow loaf cakes were allowed to cool in the pans for 10 min¬ 
utes and then removed and allowed to cool further on cake racks for 
80 minutes; the sponge cakes were cooled (in the inverted position) 
for approximately 45 minutes before they were removed from the 
pans and allowed to stand for an additional 45 minutes. The cakes 
were then weighed, and the volume of the loaf-cakes determined by 
seed displacement, after which they were wrapped in waxed paper 
and stored in a constant-temperature cabinet maintained at 26°C. 

Measurement of compressibility: The compressibility measurements 
were made on cake sections 1inches square and 1 inch thick accu¬ 
rately cut with the aid of a miter box. The cake was first cut into 
slices 1 Y% inches thick, the end slices discarded, and a section lj^ 
X 1 inch cut from the central portion of each of the remaining slices 
(4 in the standard size and 3 in the small-size cakes), the long dimension 
being parallel with the short axis of the cake. Each section thus 
obtained was centered under the 1J^ inch-square plunger of the com- 
pressimeter and compression (strain) readings taken for a series of 
stresses. Because of the mechanical advantage of the lever actuating 
the plunger, the stress on the cake section is ten times the scale reading. 

Effect of variations in flour content on compressibility of sponge cake: 
The effect of variations in the amount of flour, a so-called toughening 
ingredient, on the compressibility of sponge cake was investigated by 
making measurements 24 hours after baking on cakes containing 90, 95, 
100, 105, 110, and 115%, respectively, of the weight of flour employed 
in the reference sponge-cake formula. Two cakes were baked in the 
standard-size tins from a single mix by each formula in one day, the 
entire series being replicated four times. In this manner 8 cakes were 
obtained from each, of which 4 sections were cut, thus providing for a 
total of 32 compressibility readings for each formula. The mean re¬ 
sults, together with a summary of a variance analysis of the data, are 
recorded in Table II and show that the compressimeter reveals differ¬ 
ences in the softness of sponge cake crumb that result from variations 
in the proportion of flour. 

Effects of method of mixing and variations in sugar and shortening 
content on compressibility of yellow loaf cake: Among other functions, 
sugar and shortening act as tenderizing agents in cake making and it 
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TABLE II 

EtHiCl OF VaRIAIIONS IK FlOUR C0NII1.NT ON CoMPRI SSIBILITY OF 

Spongf Caki 24 Hours Afti r Baking 



Mean compression 

\nalysis of \anance 


Flour as pet of 
reference formula 

at stress of 

Source of \anation 

Degrees 

of 

freedom 

Mean square lor stress 


10 g 

20 g 

10 g 

20 K 

®» 

mm 

mm 





90 

1 U 

2 69 

Formulas 

5 

2 819** 

13.723** 

95 

0 99 

2 25 

Days 


0 338 

3 217 

100 

1 07 

2 27 

Formulas Xda>s 

15 

0 252* 

1.477* 

105 

0 88 

1.80 

Duplicate cakes 

24 

0 118 

0 564** 

110 

115 

0 63 
051 

1.22 

1 00 

Within cakes 

144 

0 085 

0 205 

Mean 

0 90 

1 87 

* Denotes variance is significant, that is F value 

Ffor formula means 
Standard error of 

11 21 ** 

9 29** 

exceeds 5% point 

** Denotes variance is highly significant, that is, 

/ \aluc exceeds 1% point 

foimula mean* 

0 177 

0 215 

Variance for formulas and days was tested against 
interaction variance as the error, interaction variance 
was tested against duplicate error (24 degrees of free 
dom), variance for differences between duplicate cakes 
, was tested against variance within cakes 


was therefore of interest to determine the effects of varying, individ¬ 
ually, the percentages of these ingredients on the compressibility of the 
cake. For the purpose of this study, no attempt was made to “bal¬ 
ance” the cake formula b} making appropriate changes in the quanti- 
tities of other ingredients in order to produce cakes of optimum quality 
for the particular sugar or shortening level employed. Yellow loaf 
cakes were baked in the standard loaf tins containing 75, 90, 100, 110 
and 125% of the sugar and shortening, respectively, called for in the 
reference formula. The batters were prepared by the creaming 
method and also by the single-stage method, in which a rather long 
mixing time was purposely employed. All levels of one variable em¬ 
ploying one mixing method were baked on a single day and each series 
was replicated 3 times In this way, 6 cakes representing each mixing 
method for each sugar and shortening level w r erc available for volume 
and compression measurements The mean specific volumes are given 
in Table III and the mean strain values for stresses of 40, 80, and 120 g. 
are recorded in Table IV, together with a summary of a variance 
analysis of the data. 

For both mixing procedures, the marked increases in compressi¬ 
bility of the cake crumb with increasing sugar content were highly 
significant. In striking contrast, the variations in shortening content 
over the range studied had relatively little effect upon compressibility; 
for the single-stage method the mean strain values did not differ sig- 
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TABLE III 

Effect of Method of Mixing and Variations in Sugar and Shortening Content 
on the Specific Volume of Yellow Loaf Cake 


Variation in sugar or 
shortening as pet of 
reference formula 

Mean specific volume 

Sugar varied 

Shortening varied 

Single stage 

Creaming 

Single stage 

Creaming 

% 





75 

2.38 

2.95 

2.60 

3.08 

90 

2.52 

2.98 

2.59 

3.02 

100 

2,61 

2.84 

2,65 

2.99 

110 

2.60 

2.86 

2.52 

2.73 

125 

2.44 

2.50 

2.55 


Mean 

2.51 

2.83 

2.58 

2.96 


nificantly, while for the creaming method there was a significant de¬ 
crease in the strains developed at stresses of 80 and 120 g when the 
shortening level was increased to 110% of that employed in the refer¬ 
ence formula. Values are not included in Table IV for the 125% 
shortening level (creaming method), as only two cakes were baked, but 
a mean strain of 1.61 mm was obtained at 120 g of stress. Despite the 
absence of any significant change in compressibility in varying the 
shortening from 75 to 100%, the eating quality of the cakes, as reflected 
by the ease with which they could be chewed, improved as the shorten¬ 
ing content was increased. These results clearly emphasize that the 
compressibility of a cake is not necessarily related to its tenderness or 
eating quality. To make a far-fetched analogy, a ball of cotton or 
steel wool is highly compressible, yet has high shearing strength. In 
tenderness studies, it would be highly desirable to supplement strain 
measurements with a quantitative shearing test which would simulate 
the biting action of the teeth. 

As anticipated, the creaming method of preparing the batter gave 
cakes of greater specific volume and compressibility than the single- 
stage procedure employed here. These differences were probably, in 
part, the result of excessive mechanical development of the gluten 
brought about by the prolonged mixing of the flour in the single-stage 
method. 

Effect of staling on compressibility of sponge and yellow loaf cakes: 
Changes in compressibility of sponge and yellow loaf cakes made by 
the creaming procedure were studied by means of measurements after 
4, 24, 48, and 144 hours of storage at 26°C. The reference formulas 
were employed and the cakes were baked in the small tins which 
permitted the production of four cakes from each batter, one of which 
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13.47** 
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(0 
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stage 
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was used for each staling time. Each bake was replicated four times 
on a single day. The order in which the batters were poured into the 
tins was recorded and the resulting cakes were distributed at random 
among the various storage times. Three sections were measured at 

TABLE V 

Effect of Staling on Compressibility of Sponge Cake 


T ime oi staling 

Mean compression 
at stress of 

.J 

Analysis of variance 

Source of variation 

Degrees 

of 

freedom 

Mean square for stress 

10 g 

20 g 

10 g 

20 g 

hrs 

mm 

mm 





4 

1.86 

3.99 

Staling times 

3 

4.235** 

20.142** 

24 

0.96 

2.06 

Replicate error 

12 

0.588** 

1.357** 

48 

0.61 

1.44 

Within cakes 

32 

0.081 

0.20. 

144 

0.59 

1.08 




— 

Mean 

1.00 

2.14 

** Denotes variance is highly significant, that E 

F value exceeds 1% point Variance for staling time* 

Fior staling means 

19.33** 

38.85** 

tested against replicate error (12 df), variance fot 

Standard error of 



differences between replicate cakes was tested against 

staling means 

0.135 

0.208 

variance within cakes (32 d 0 as error. 



TABLE VI 

Effect of Staling on Compressibility of Yellow Loaf Cake 


Staling time 

; 


Mean compression at stress ot 


20 g 

40 g 

80 g 

120 g 

200 g 

ht 5 

mm 

mm 

mm 

mm 

mm 

4 

0 38 

0.63 

1.05 

1.51 

2.73 

24 

0.30 

0.52 

0.84 

1.20 

1.96 

48 

0.28 

0.47 

0.78 i 

1.14 

1.86 

144 

0.25 

0.45 

0.60 

0.76 

1.17 

Mean 

0.30 

0.52 

0.82 

1.15 

1.93 

F for between staling 






times 

3 54* 

5.39** 

17.71** 

29.95** 

41.62** 

Standard error of staling 






means 

0.029 

0.034 

0.045 

0.061 

0.099 


ANALYSIS OF VARIANCE 


Source of variation 

Degrees 

of 

freedom 

Mean square for stress 

20 g 

40 g 

80 g 

120 g 

200 g 

Staling times 

3 

0.035 

0.074* 

0.425** 

1.142** 

4.924** 

Replicate error 

12 

0.011 

0.018 

0.033 

0.083** 

0.188 

Within cakes 

32 

0.010 

0.012 

0.033 

0.029 

0.092 


* Denotes variance is significant; that is, F value exceeds 5% point. 

** Denotes variance is highly significant; that is, F value exceeds 1% point. 

Variance for staling times tested against replicate error (12 d f); variance for differences between 
replicate cakes was tested against variance within cakes (32 d f) as error. 
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several stresses from each cake so that, in all, 12 measurements were 
taken for each staling time, stress, and formula. The mean values 
for the sponge cakes, together with a summary of the analyses of 
variance, are recorded in Table V, and similar data for the yellow loaf 
cakes are given in Table VI. The mean compression values were 
plotted against the staling times and both cake types gave characteris¬ 
tic staling curves; that is, the rate of decrease in compressibility fell 
off with time of storage. The rate of change was much more rapid for 
the sponge than for the yellow loaf cake. 

Stressjstrain relationships: Platt (1930) subjected bread crumb to 
several different stresses and found that the compressibility varied 
directly with the magnitude of the stress; in other words, it followed 
Hooke’s law and behaved as a perfectly elastic or compressible body. 
In studies with sponge cake, Platt and Kratz (1933) made the interest¬ 
ing observation that, while the compressibility of the fresh cakes 
apparently obeyed Hooke’s law, the values at increasing stresses de¬ 
parted more and more from the theoretical as staling progressed. 
They suggested that the changes in the ratios of the compressions 
obtained to the weights applied might prove valuable as a measure 
of the rate of staling. 

In studies of the effect of different variables on the compressibility 
of bread or cake, it is customary to carry out compression measure¬ 
ments at a fixed stress that is selected so as to cause an appreciable 
compression of the material. As the stresses suitable for a highly 
compressible material are widely different from those required for a 
more rigid one, a direct comparison of their compressibilities is not 
possible. If, however, the materials to be compared are perfectly 
compressible—that is, if they obey Hooke’s law for elastic bodies—a 
quantitative measure of their relative compressibilities may be ob¬ 
tained readily. The straight lines expressing the relation between 
compression and the force applied can be extrapolated and the relative 
compressions read off for a common applied force, or the slopes of these 
lines may be compared. Moreover, the data for various cakes can be 
expressed on a comparable unit basis by computing the moduli of 
compressibility, as has been done b\ Platt (1940) for bread crumb 

The modulus of compressibility is the stress or force in dynes per 
square centimeter of surface area which is necessary to produce a unit 
strain (1 cm). Since in our studies a cake section 1 inch thick X 1^ 
inches square was employed, the modulus of compressibility can be 
computed as follows: 

_ st ress in grams 980 .6 X 2 .54 
~ strain in mm/10 * (3.81)* 
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If the cakes follow Hooke’s law, the modulus of compressibility is a 
constant which is characteristic of the material and entirely indepen¬ 
dent of the stresses used in carrying out the measurements. As the 
moduli are expressed on a unit absolute basis, they may be employed 
not only to secure a numerical measure of the relative compressibilities 
of cakes made by various formulas and subjected to different treat¬ 
ments but also to compare the compressibility of cakes with that of 
other elastic or compressible materials of entirely different structure 
and chemical composition. If, however, cakes do not follow Hooke’s 
law, the modulus values will vary with the conditions of measurement 
and are valueless for such comparisons. 

Since the question as to whether or not the compressibility of cake 
crumb follows Hooke’s law is of both theoretical and practical interest, 
the stress/strain ratios were calculated for the data of Tables II, IV, V, 
and VI. These ratios are directly proportional to the corresponding 
compressibility moduli and are the reciprocals of the slppes of the lines 
obtained when the strains are plotted on the vertical axis and the 
stresses on the horizontal axis, with the same scale throughout. The 
stress/strain ratios are given in Table VII, together with the F values 
for variance analyses of the data. Nonsignificant F values for the dif¬ 
ferences between the general mean stresses were obtained in the sponge¬ 
cake flour-variation and staling series, and in the loaf-cake series 
involving variations in sugar and shortening when the batters were 


TABLE VII 


Stress/Strain Ratios—Grams of Stress per Millimeter of Depression 
(Calculated from Tables II, IV, V, and VI) 


Flour variation 


Staling data 


Flour as 

Stress in grams 

! 


Strew in grams 


pet of 



Staling 


M 

reference 



time 

j 

mean 

formula 

10 20 



10 20 




SPONGE 

CAKE 



90 

0.758 0.745 

0.750 

4 

0.538 0.501 

0.519 

95 

1.010 0.889 

0.950 

24 

1.042 0.971 

1.006 

100 

0.934 0.881 

0.908 

48 

1.639 1.389 

1.514 

105 

1.140 1.110 

1.125 

144 

1.695 1.851 

1.773 

110 

L590 1.640 

1.615 




115 

1.960 2.000 

1.980 

Mean 

1.228 1.178 

1.203 

Mean 

1.232 1.210 

1.221 





F F 

Formulas 226.80** Staling times 44.67** 

Stresses Less than error Stresses Less than error 
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TABLE VII—( Continued ) 


Creaming method 

Single-stage method 

Flour as 
pet of 
reference 
formula 

Stress in grams 



Mean 

40 80 120 



YELLOW LOAF CAKE—SUGAR VARIATION 


75 

74.2 

87.4 

90.2 

83.9 

95.2 

145.4 

173.9 

138.2 

90 

53.0 

58.7 

59.4 

57.0 

90.9 

127.0 

151.8 

123.2 

100 

53.7 

53.1 

51.5 

52.8 

76.9 

108.1 

120.0 

101.6 

110 

44.6 

46.5 

43.3 

44.8 

70.2 

93.0 

100.0 

87.7 

125 

38.4 

42.3 

41.5 

40.7 

58.0 

69.6 

74.1 

67.3 

Mean 

52.8 

57.6 

57.2 

55.8 

78.2 

108.6 

124.0 

103.6 


p p 

Formulas 58.51** Formulas 15.01** 

Stresses 2.34 Stresses 17.15** 


SHORTENING VARIATION 


75 

58.0 

! 56.7 

56.6 

57.1 

95.2 

145.5 

123.7 

121.4 

90 

63.5 

61.5 

58.2 

61.1 

88.9 

127.0 

123.7 

113.2 

100 

57.1 

57.6 

54.8 

56.5 

80.0 

108.0 

110.0 

99.3 

110 

66 7 

70.8 

71.4 

69.6 

80 0 

93.0 

125.0 

99.3 

125 





81.6 

69.6 

127.6 

92.9 

Mean 

61.3 

61 6 

60.2 

61.1 

85.1 i 

108.6 

122.0 

! 

105.2 


p p 

Formulas 22.91** Formulas 1.50 

Stresses Less than error Stresses 6, *5* 


YELLOW LOAI CAKE STALING DATA 


Staling 

I 

Stress in grams 


Mean 

time 

20 

40 

80 

120 

200 

hrs 

4 

52.9 

63.5 

76.2 

79.5 

73.3 

69.1 

24 

67.8 

76.9 

95.2 


! 102.0 

88.4 

48 

70.7 

85.1 

102.6 

105.3 


94 2 

144 

79.4 

88.9 

133.3 

157.9 


126.1 

Mean 

67.7 

78.6 

101.8 

110.7 

113.4 



F 

Staling times 13.69** 

Stresses 8.04** 


♦Denote* variance iaaignlficant; that is, F value exceeds 5% point, 

** Denotes variance is highly significant; that is, F value exceeds 1% point. 
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mixed by the creaming method. This indicates that in these instances 
the compressibility of the cakes obeys Hooke’s law. 

In contrast, however, the compressibility of loaf cakes baked by the 
single-stage method employing various quantities of sugar and shorten¬ 
ing did not follow this law. Moreover, in the staling of the yellow loaf 
cake there was an increasing departure from the law as staling pro¬ 
gressed. Thus, the differences between the stress/strain ratios for 20 g 
and 200 g of stress are 20.4, 34.2, 36.8 and 91.5 g per mm of depression 
for staling times of 4, 24, 48 and 144 hours, respectively. These data 
thus confirm the observations of Platt and Kratz (1933) in this 
connection. 

It does not appear, however, that the magnitude of these departures 
from Hooke’s law would be of general utility in following staling rates; 
no such trends are evident in the staling data for sponge cake, whereas 
they occur in other series where the measurements were made at a 
constant staling time of 24 hours. Actually, the occurrence and extent 
of the departures seems to be associated with the magnitude of the 
individual ratios involved. The more rigid the cake, the greater is the 
departure from Hooke’s law. Thus the more compressible cakes, such 
as the sponge cakes (flour variation and staling series) and the sugar 
and shortening variation series baked by the creaming method, appear 
essentially to follow Hooke’s law. In the instance, however, of the 
more rigid cakes obtained by varying the sugar and shortening in which 
the single-stage mixing method was used, the departures are evident; 
moreover, within each series their magnitudes increase with the rigidity 
of the cakes. For example, in the sugar variation series, the least 
compressible cake gave a stress/strain ratio of 95.2 at 40 g stress which 
is 78.7 units less than the stress/strain ratio for this cake at 120 g of 
stress. As the sugar content of the cakes was increased, they became 
more compressible and the differences between the stress/strain ratios 
regularly decreased; the most compressible cake in this series gave a 
stress/strain ratio of 58.0 at 40 g of stress, which is only 16.1 units lower 
than the value obtained at 120 g of stress. 

The limited data available indicate that the changes in the stress/ 
strain ratios are negatively correlated with the softness or actual com¬ 
pressibility of the cake and are not necessarily related to the staling 
phenomenon. In other words, the increased differences between the 
stress/strain ratios for 20 g and 120 g of stress as the yellow loaf cakes 
underwent staling may simply be a reflection of the increase in the 
rigidity of the cakes. There may be perhaps a fairly definite value of 
the stress/strain ratio below which the cake compressibility values will 
follow Hooke’s law. Experiments conducted with sections of varying 
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thickness showed that the departure from Hooke's law increased as the 
thickness of the section was reduced. 

In the instances where the stress/strain ratios are approximately 
constant for different stresses, the moduli of compressibility have a real 
meaning, and a valid comparison of the relative compressibility of the 
different cakes can be made. Thus sponge cake and yellow loaf cake 
made according to the reference formula gave mean stress/slrain ratios 
of 0.908 and 52.8, respectively, 24 hours after baking. The corre¬ 
sponding moduli of compressibility are 0.156 X 10 4 and 9.060 X 10 4 , 
the sponge cake thus being approximately 58 times more compressible 
than the yellow loaf cake. These compare with a modulus value of 
6.5 X 10 4 obtained by Platt and Powers (1940) for bread crumb. 

Precision of the compressibility test: In analytical determinations 
there are two main sources of error -those due to variations in the 
sample and those associated directly with the measurements involved. 
In many cereal chemical procedures, the various subsamples employed 
for replicate analyses are relatively homogeneous and the experimental 
errors largely represent the precision of the test itself. In compressi¬ 
bility measurements, sample variation is undoubtedly the most promi¬ 
nent source of error. In the present studs no attempt has been made 
to evaluate the instrumental error separately from sampling error, 
since interest in such information would be largely theoretical. 

The variance analyses recorded in Tables II, IV, V, and VI show 
the magnitude and significance of several sources of error. These 
include the variance due to differences between measurements made in 
sections cut from one cake, that due to differences between the values 
for cakes baked from a single mix, that due to differences between days 
(that is, between the values for batters mixed on different days), and 
that due to the interaction of main effects (formula variations and time 
of staling) with days (batters). In about half the cases, the differences 
l>etween replicate cakes baked from the same batter were significant, 
but in only 4 out of 14 cases was the variance for between days (batters) 
significantly greater than the variance within a single mix. In several 
instances, the interactions of the main effects with days (batters) were 
significant. 

The absolute errors are large in relation to the magnitude of the 
values involved and the relative errors tend to increase with the 
compressibility. Thus, the relative errors w T ere much higher for the 
sponge than for the yellow loaf cakes. For the staling data, errors 
w*ere computed separately for each of the staling periods but only the 
pooled errors for all staling times are recorded in Tables V and VI. 
The coefficients of variability of the treatment means (based on 12 
values) for 10 g of stress in the sponge-cake staling series were 12.7, 
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12.1, 7.4 and 7.6% for 4, 24, 48 and 144 hours, respectively. Similar 
but less pronounced trends were observed for the readings at 20 g stress 
and also in the loaf-cake staling series. 

Readings may conveniently be made with the Baker compressi- 
meter at a series of stresses and the question arises as to the most 
appropriate stress to employ in order to secure the maximum precision. 
The data clearly indicate that, as specified in Cereal Laboratory Methods 
(4th ed., 1941), a stress which gives compression values close to the 
maximum which the instrument is capable of recording should be used. 
In all studies except that involving a variation of the flour content 
of sponge cake, the F values for the variable under study increased 
with the stress employed; for example, the F values for the differences 
in the compressibility of yellow loaf cake at various staling times 
increase from 3.54 for the readings at 20 g of stress to 41.62 for those 
taken at 200 g of stress. 

Summary 

The Baker compressimeter was employed in a study of the precision 
of cake compressibility measurements at various stresses and of the 
effects of staling, formula variations, and mixing procedures on the 
compressibility of sponge and yellow loaf cakes. 

Compressibility of sponge cake decreased as the flour content was 
increased. Compressibility of yellow loaf cakes increased progressively 
as the sugar in the formula was increased from 75% to 125% of the 
sugar employed in the reference formula. More compressible cakes 
were obtained when the batters were mixed by the creaming method 
and the changes in compressibility with variations in sugar content 
were greater when the batters were mixed by the creaming method 
rather than by the single-stage method. 

Shortening variations of 75% to 125%.of the shortening employed 
in the reference yellow loaf cake formula were without significant effect 
upon cake compressibility when the batters were mixed by the single- 
stage method. The creaming procedure gave higher compressions for 
corresponding formulas and there was a slight decrease in cake com¬ 
pressibility when the shortening was increased above that specified in 
the reference formula. 

Staling of sponge cake as measured by changes in compressibility 
occurred more rapidly than that of yellow loaf cake. 

Stress/strain ratios for the various stresses showed that the com¬ 
pressibility of sponge cake and yellow loaf cakes prepared by the 
creaming method tested 24 hours after baking obeyed Hooke’s law. 
With the less compressible yellow loaf cakes obtained in the formula 
variation and staling studies, there was an increasing departure from 
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Hooke’s law as the compressibility decreased. Moduli of compressi¬ 
bility of sponge and yellow loaf cakes (creaming method) made by the 
reference formula and tested 24 hours after baking were 0.156 X 10 4 
and 9.06 X 10 4 , respectively, indicating that the sponge cake was 58 
times more compressible than the yellow loaf cake. 

Relatively large errors are involved in compressibility measure¬ 
ments. These include the variance due to differences between (1) 
measurements on individual sections cut from a single cake, (2) cakes 
baked from a single mix, (3) cakes made from different batters baked 
on different days, and (4) the interaction of main effects (formula 
variations and staling times) with days or batters. The magnitudes 
and significance of these sources of error were determined. 

Increased precision is obtained by making the measurements at the 
maximum stresses at which compression values may be read with the 
instrument. 
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THE EFFICIENCY OF THE PRODUCTION OF ETHANOL 
FROM STARCHY SUBSTRATES 

Leo M. Christensen ' 

University of Nebraska, Lincoln 
(Received for publication January 8, 1943> 

The current extensive use of starchy materials for the manufacture 
of industrial ethyl alcohol (about 400 million bushels of grain per year) 
creates new interest in the efficiency of the process. Each manufac¬ 
turer has his own criterion of conversion efficiency, and while the num¬ 
bers are of comparative value, they do not give an adequate picture of 
the absolute efficiency obtained. Since raw material cost is ordinarily 
three-fourths of the total cost of the alcohol manufactured, the question 
of efficiency of conversion is a most important matter. 

Statements about the efficiency of the conversion of starchy farm 
crops to ethanol are apt to be rather confusing because there are so 
many kinds of units used. The yield may be stated in terms of gallons 
of 190° proof alcohol, 200° proof alcohol, or in proof gallons, which is 
the same as wine gallons of 100° proof. The raw material unit may be 
a bushel, one hundred pounds, or a long or short ton, and may be on 
the basis of any of several moisture contents. Bushel weights are 
variable, not only from one material to another, but even in a single 
material. Even on a moisture-free basis, the carbohydrate content of 
any one raw material is variable. In some cases yields are calculated 
on the basis of cleaned grain and in others on the weight of grain 
brought into the plant. Sometimes the malt is included as a part of 
the raw material charged to process; in other cases the alcohol expected 
from the malt is deducted from the total alcohol produced and the 
balance credited to the corn or other grain. Several procedures are 
followed with regard to the alcohol produced from the inoculum. 

This situation has led to an attempt to state yields in terms of per¬ 
centage of theoretical. The raw material may be analyzed by one of 
the standard methods for starch estimation, and since the weight of 
grain charged to process is accurately measured, the amount of starch 
processed may be estimated, or the mash ready for inoculation may be 
similarly analyzed. Then the theoretically possible alcohol yield may 
be calculated on the assumption that one mole of dextrose yields two 
moles of ethanol Since the actual production of ethanol can be esti¬ 
mated quite accurately b> measurement of specific gravity or refractive 
index of the distillate from a measured volume of the fermented mash, 

* A part of the research herein reported was done by the author in the laboratories of the Depart¬ 
ment of Agiicultural Chemistry, University of Idaho, Moscow 
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it is thus possible to calculate an efficiency which is generally regarded 
as approaching an absolute value. 

Vernon and Metzner (1941) describe a procedure now commonly 
employed in calculating the “true fermentable carbohydrate’* content 
of grains. This value is arrived at by estimating total carbohydrate 
content, called the “starch” content, by acid hydrolysis, and then sub¬ 
tracting the unfermentable carbohydrate content, which is established 
by estimation of the “pentosan” present in the grain by a rapid bro¬ 
mine method. Data are presented for six samples of corn. Following 
are the mean values: 


A—“Starch” content 

B—“ Pentosan ” content 

C—“Starth true fermentable substance” 

I)—Theoretical alcohol \ield 

E—Assuming 88V of theor\ as maximum 

F —Actual alcohol yield 

(»—Fermentation efficient v F(100)/K 


70 57V 
6 22 V 
64.35V 

6 17 proof gal/bu 
5.43 proof gal/bu 
5 16 proof gal/bu 

95.05V 


It should be noted that the calculated efficienc\ is based upon the 
assumption that 88% of theoretical is the highest yield attainable and 
this is used as the base for calculating the efficiency. Actually, the 
efficiency of the process is only 5.16 (100)/6.17 = 83. 6 C ' 0 . 

When grains are used for alcohol manufacture in a modern plant, 
all of the residual solids are recovered as a valuable byproduct. These 
residual solids should contain all of the protein, minerals, fat and fiber 
of the grain processed, plus the starch, dextrins, and sugars not con¬ 
verted to alcohol, plus the >east generated in the process, plus the non¬ 
volatile byproducts of fermentation such as glycerol and succinic acid. 
Since 162 g of starch plus 18 g of water should > ield 92 g of ethanol plus 
88 g of CO 2 , each gram of alcohol produced represents 1.761 g of starch. 
Then the theoretical yield of byproduct feed is the difference between 
100 and 1.761 times the ethanol vield per 100 g of dry matter charged 
to process. 

When this analysis is applied to the published data on alcohol and 
residual solids recovery, an important loss in process is revealed, as 
shown in Table I. In the case of corn, only 85.5% of the dry matter 
charged to process is accounted for as residual solids and ethanol. 
During process there has been a loss of 14.5% of the dry matter. 

Losses of this same character can also be shown in laboratory-scale 
fermentations. Thus, in a typical case, 120 g of high-quality com of 
13.0% moisture content and 15 g of rye of 14.3% moisture content were 
mashed with 900 ml of water. This mash was cooked 60 minutes at 
120°C, cooled to 60°C, and saccharified with 15 g of malt of 11.5% 
moisture content, the saccharifying mash being held 90 minutes at 
60°C. The mash was then cooled to 30°C and inoculated with 10 ml 
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of a culture of a good distiller’s yeast in beer wort containing, originally, 
14.0 g of dry matter per 100 ml. The total dry matter per flask was, 
therefore, 120 (0.870) + 15 (0.857) + 15 (0.885) + 1.4 * 131.9 g. 
Three flasks were set in this manner and were incubated 84 hours 
at 30°-32°C. 

TABLE I 

Conversion Efficiencies in Present Commercial Operations 


Raw material 


Corn + malt (Christensen et al, 1936) 

Corn 4 * malt (Cooley, 1938) 

Corn -f malt (Jacobs and Newton, 1938) 
Wheat -f- malt (Jacobs and Newton, 1938) 
Barley -f malt (Jacobs and Newton, 1938) 
Rye -f malt (Jacobs and Newton, 1938) 
Potatoes + malt (Jacobs and Newton, 1938) 
Corn + malt (Shepherd et al, 1940) 

Corn 4 malt Mean above 


Yields, g/100 g total dry matter processed 


Ethanol 

(A) 

Dry residual 
solid 8 
(B) 

Efficiency 
(A) (1 761) 
+ (B) 

32.9 

27.4 

85.4 

34.2 

28.0 

88.3 

33.7 

24.5 

83.9 

33.1 

28.7 

87,1 

31.0 

34.6 

89.2 

30.9 

29.0 

83.4 

33.9 

15.4 

75.1 

31.0 

29.7 

84.3 

33.0 

*27.4 

85.5 


Two 200-ml samples were taken from each flask at the completion 
of fermentation, one for distillation and one for measurement of re¬ 
sidual solids. The ethanol was estimated by the measurement of the 
specific gravity of 100 ml of distillate from the 200-ml sample, to which 
100 ml of water was added prior to distillation. The mean ethanol 
content was 42.8 g per flask, or 32.4 grams per 100 grams of dry matter 
charged to process. The yield of residual solids was 38.6 g, dry basis, 
per flask, or 29.3 g per 100 g of dry matter charged to process. 

The overall conversion efficiency realized in these fermentations 
was 32.4 (1.761) + 29.3 =• 86.5%. The loss in process was 13.5%. 

Beresford and Christensen (1940) reported losses in fermentations 
of corn mash by this same or a similar procedure ranging from 11.8% 
to 15.9%, the loss being greater from low than from high quality corn. 
Similar losses were found in the fermentation of white potatoes, grain 
sorghums, rye, barley, wheat, cassava and other starchy materials. 

Taylor (1939) made a study of this loss in the fermentation of 
potatoes and found that there was a steady increase in the discrepancy 
between the original carbohydrate content of the mash and the sum 
of the carbohydrate and the carbohydrate equivalent of the ethanol at 
intervals during the period of fermentation. Measurements were 
made by one of the standard Fehling methods. 

The character of the material lost can also be established by com¬ 
paring the analyses of raw material and of residual solids. In Table II 
are shown the results of such a comparison, the data being taken from 



July, 1043 


LEO M. CHRISTENSEN 


481 


the fermentation described above. The character of the loss is obvi¬ 
ous; it is in the nitrogen-free extract portion of the grain. The loss 
amounts to 13.5 (100)/80.4 or 16.8% of the total nitrogen-free extract. 

Assuming that all of the nitrogen-free extract is convertible to 
alcohol, which is of course not exactly true, the conversion process, 
including saccharification and fermentation, is only 83.2% efficient. 
This is nearly exactly the efficiency calculated from the data of Vernon 
and Metzner (1941). 


TABLE II 

An Accounting of the Components of the Grain Processed 


Component 

Present in the 
dry gram 
processed 

Present in the 
dry residual 
solids 

Represented by 
the ethanol 
produced 

Accounted for 
in the 
products 


g 

g 

g 

g 

Protein, crude 

10.9 

10 5 

— 

10.5 

Fat, crude 

4.5 

4.3 

— 

4.3 

Ash 

1.6 

1.6 

— 

1.6 

Fiber, crude 

26 

2.7 

— 

2.7 

N-free extract 

80.4 

10.2 

57.2 

67.4 

Total 

1000 

29.3 

57.2 

86.5 


It has already been determined in this laboratory that this carbo¬ 
hydrate loss is evidenced bv a large production of C0 2 and water during 
distillation and the drying of residual solids, but as yet little is known 
about the actual mechanism preceding these operations. It is indi¬ 
cated, however, that practically all of the starch not converted to fer¬ 
mentable sugars in the saccharification process and subsequently con¬ 
verted to alcohol finally is lost, probably as C0 2 and water. Studies 
are now in progress to supply further information about this matter. 
It may well be that the mechanism is something like that occuring in 
stored blackstrap molasses. 

Summary and Conclusion 

By measuring yields of both alcohol and dry residual solids per 100 g 
of dry matter charged to the fermentation process, it is possible to 
establish a useful index of the fermentation efficiency. 

In the present orthodox process for the manufacture of ethyl alcohol 
from grains, there is a loss of carbohydrate, probably as C0 2 and water, 
amounting to about 17% of the total carbohydrate, as starch charged 
to process. The present process is thus only about 83% efficient as 
regards carbohydrate utilization, not 92 to 95% as commonly reported. 

In addition to a statement of yields on the basis of dry matter 
charged to process, it may also l>e desirable to state the alcohol yield in 
terms of the dry weight of the principal raw material processed. This 
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can be done by subtracting from the total alcohol produced in the 
fermenter the amount of alcohol expected from the inoculum, the 
saccharifying agent, and any other minor constituents, crediting the 
balance to the major constituent. Obviously this yield must not be 
used in calculating the overall conversion efficiency. 

With our knowledge of carbohydrate estimation on the present 
unsatisfactory basis, it is not recommended that yield data be stated 
in terms of percentage of theory. 
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MICRO TESTS OF ALIMENTARY PASTES 
II. EFFECTS OF PROCESSING CONDITIONS 
ON PASTE PROPERTIES 1 

R. L. Cunningham and J. Ansel Anderson 

Of rain Research Laboratory, Board of Grain Commissioners 
for Canada, Winnipeg, Manitoba 

(Presented in part at the Annual Meeting, May 1942) 

The investigations described in this paper were undertaken pri¬ 
marily with the object of improving the reproducibility of results 
obtained with the micro test for alimentary pastes developed by Fifield, 
Smith, and Hayes (1937). In a previous paper (Cunningham and 
Anderson, 1942) new techniques and apparatus were described, in¬ 
cluding a photometric measurement of the opacity (optical absorption 
coefficient) of the paste. During the course of these developments, the 
effects on paste properties of varying the processing procedure were 


1 Published as Paper No. 207 of the Associate Comm l ttee on Grain Research (Canada) 



July, 1943 R. L. CUNNINGHAM AND J. ANSEL ANDERSON 


483 


studied, at first for purposes of selecting those stages at which close 
control was required to obtain reproducible results, and later with the 
object of obtaining a background of information which would be useful 
in studying the utility of the micro test for assessing new varieties of 
durum wheat. The more important results of these studies are re¬ 
corded in this paper. 

The micro tests consist of mixing 50 g of semolina with water to 
form a stiff dough, folding and sheeting this a number of times, cutting 
a small disk (2^ inches in diameter) from the sheet of dough, pressing 
this and drying it between sheets of paper. The opacity of the dried 
disk is then measured with a photometer, and its color is determined by 
matching against Wallace and Tiernan disks (Baker, Parker, and 
Freese, 1933). The photometric measurement of opacity is rapid, ob¬ 
jective, and extremely precise, whereas the determination of color is 
tedious, subjective, and lacking in precision. In studying the effects 
of processing conditions on one semolina it has been found that the 
color quality of the finished disk is inversely related to its opacity. 
Accordingly, the change in opacity has been used as a criterion of 
change in paste properties throughout this investigation, and it is not 
considered necessary to complicate this paper by introducing data on 
the color of the disks. Indeed, such measurements were not always 
made because of the time required, and because reporting them would 
involve dealing with four additional figures for each disk, namely, the 
percentages of yellow, red, white, and black required to match the 
color of the disk. The effect on disk color of modifying the more im¬ 
portant processing conditions will be described in a further paper. 

The following processing factors have been studied: absorption; 
time and temperature of mixing; length of rest period prior to sheeting; 
number of sheeting and folding operations; pressure, press temperature, 
and time in press; and time, temperature, and humidity during drying 
of the disk. It was soon apparent that the study of the effects of 
processing w f as complicated by interactions betw r een various factors; 
e.£. the effect on one semolina of a given change in pressure is not 
constant but varies wdth the absorption and amount of mixing. Ac¬ 
cordingly, it was necessary to use factorial designs in most experiments. 

Theoretically it would appear advantageous to study all factors 
simultaneously, but w'ith 12 factors this would require 4,096 disks (over 
12 months' work) even if only two levels of each factor were studied 
without replication. In practice, and because ideas for the investiga¬ 
tion were developed piecemeal, it was necessary to split the investiga¬ 
tion into a number of smaller and more manageable experiments. As 
the study developed, many of the preliminary experiments w r ere super¬ 
seded by others of better design. Accordingly, no attempt is rpade to 
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present all the work which has been undertaken and only the more 
significant experiments are described. 

The largest experiment involved the simultaneous study of seven 
factors at two levels of each. One semolina was used and duplicate 
disks were made for each treatment. The major portion of the paper 
deals with this experiment. However, before proceeding to a con¬ 
sideration of the effects of these seven factors, it seemed best to present 
the results of certain minor experiments dealing with the remaining five 
factors. Data from some other experiments are also introduced where 
these serve to elucidate the results of the major experiment. 

An extension of the investigation obviously involves a study of the 
differential effect of processing methods on different semolinas. An 
initial study of this kind has been undertaken, in which both opacity 
and color measurements were made, but it seemed best to deal with this 
investigation in a separate paper. 

Materials and Methods 

Semolinas milled from the following seven samples of durum wheat 
were used in the investigation: (A) 1 C.W. Amber durum, 1941 crop, 
composite No. 1; (B) 2 C.W. Amber durum, 1941 crop, composite No. 1; 
(C) 3 C.W. Amber durum, 1941 crop, composite No. 1; (D) 1 C.W. 
Amber durum, 1941 crop, composite No. 2; (E) 2 C.W. Amber durum, 
1941 crop, composite No. 2; (F) Mindum, 1940 crop; (G) Golden Ball, 
1940 crop. 

For general information on the methods and equipment used in 
preparing the disks of alimentary paste, the reader is referred to a paper 
by Fifield, Smith and Hayes (1937). The modified equipment and 
technique used in this laboratory were described in the first paper in 
this series (Cunningham and Anderson, 1942). The latter paper also 
contains a detailed description of the method used for determining the 
opacity of the disks, and a preliminary discussion of the relation be¬ 
tween opacity and color characteristics. 

Effects of Press Temperature, Rest Period, and Drying Conditions 
on Absorption Coefficients 

Preliminary experiments which need not be described had demon¬ 
strated the relative importance of most of the processing factors. 
They indicated that it would not be necessary to provide close control 
of press temperature, nor of air humidity during drying, and that rest 
period and drying time could be readily standardized. These con¬ 
clusions were checked by means of the three experiments described in 
this section. 
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Press temperature: The Carver press is supplied with plates having 
built-in electrical heating units. The temperature of these can be 
controlled by means of a rheostat and the metal press bowl and plunger 
can be readily conditioned by lagging them and leaving them between 
the heated plates. 

Disks pressed at 27°C were compared with disks pressed at 37°C 
in an experiment involving the preparation of 48 disks. Replication 
was obtained by using a factorial design in which the two temperature 
levels were combined with six levels of pressure (600, 800, 1,000, 1,200, 
1,400 and 1,600 pounds per square inch) and two levels of mixing time 
(40 and 100 seconds). Semolina No. 2 was used in this experiment. 
There were thus prepared 24 sheets of dough, representing each of the 
24 combinations of conditions, and duplicate disks were cut from each 
sheet of dough. 

For purposes of the present discussion, only the effect of press 
temperature need be recorded. The 24 disks pressed at 27°C had a 
mean optical absorption coefficient of 3.92, while the disks made at 37°C 
had a mean value of 3.98. Statistical analysis showed that the differ¬ 
ence between these values was not significant, and that significant 
interactions did not occur between press temperature and pressure, or 
between press temperature and mixing time. In this connection it 
may be noted that these other two factors have a relatively large effect 
on the absorption coefficient and are thus likely to bring to light sig¬ 
nificant interactions with other factors if these occur. 

As a 10°C difference in press temperature has a negligible effect on 
paste properties, it was concluded that it would not be necessary to 
control the temperature of the press, and that it would be satisfactory 
to operate it at room temperature. This conclusion may seem at 
variance with that of Binnington and Geddes (1936) who found it 
advisable to control the temperature of the press used for making 
macaroni under laboratory conditions. It should be noted, however, 
that in forcing a dough through a die with a plunger operating at 
constant speed, the pressure exerted on the dough is directly propor¬ 
tional to its consistency. Since pressure has a large effect on paste 
properties, it is obviously necessary to control consistency closely in 
making macaroni, and this involves control of the dough temperature 
through regulation of the press temperature. In the micro test pres¬ 
sure is applied independently of the consistency of the dough. Ac¬ 
cordingly, in the micro test there is no need to control consistency, by 
controlling temperature, in order to standardize pressure. 

Rest period: In commercial practice and in the laboratory macaroni¬ 
making process of Binnington and Geddes, the rest period prior to 
pressing appears to be necessary in order to adjust the temperature, 
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and thus the consistency and plasticity of the dough, so that it will 
react uniformly to the pressure exerted by a ram driven at constant 
speed. In the micro test of Fifield and coworkers, a rest period of 
30 minutes is obtained by rolling the dough into a ball after sheeting 
20 times and allowing it to remain in a beaker tightly covered with 
waxed paper. After the rest period it is necessary to sheet the dough 
again. These authors note that neither the temperature nor time of 
the rest period has an important effect on the finished disks. For this 
reason, and because pressure is independent of dough temperature in 
the micro test, it appeared that the rest period might well be eliminated. 

Rest periods of 0, 15, 30 and 45 minutes were investigated in an 
experiment involving the preparation of 128 disks. Replication was 
obtained by using, in addition, two drying temperatures (16° and 26°C), 
two drying times (2 and 3 days), and four semolinas (A, B, C and D). 
Duplicate disks were made for each of the 64 combinations of 
semolinas and treatments. 

The mean absorption coefficients for the four rest periods were as 
follows: 0 min., 2.64; 15 min., 2.54; 30 min., 2.50; and .45 min., 2.51. 
While statistical analysis showed that the effect of the first 15-minute 
period was significant, it also showed that further increases in the rest 
period had an insignificant effect, and that no significant interactions 
exist between rest period and semolinas, or between rest periods and 
either of the other two factors. The small improvement in dough 
properties caused by a 15-minute rest period can be obtained in other 
ways, e.g., by increasing pressure. There thus appears to he no good 
reason for using a rest period in the micro test, and some simplification 
and speeding up of the process results when the rest period is eliminated. 

Drying conditions: In the better commercial plants the rate of dry¬ 
ing of macaroni is carefully controlled b\ controlling the temperature 
and humidity of the air. It is necessary to use a falling humidity 
gradient so that the loss pf moisture from the surface of the macaroni 
is little greater than the rate of transfer of moisture from the interior 
of the paste to the surface. If the drying is too rapid, mechanical 
faults occur in the macaroni; cracks develop and the tubes may split 
and curl. On the other hand, if drving is too slow the goods may sour 
or develop mold growths. 

In making micro disks it has frequently been observed that disks 
break if drying conditions are not controlled. This appears to occur 
if too steep a moisture gradient is created between the surface and the 
interior of the disks, or between the edges and the center. Thus if 
disks are dried between sheets of cellophane so that the edges dry more 
rapidly than the center, then chipping of the edges and breaking of the 
disks occur. Again, if disks are partially dried between bond paper, 
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removed while their moisture content is still relatively high, and left 
in a room at low humidity, the surfaces of the* disks dry out more 
quickly than the body of the paste and the stress set up by the sharp 
moisture gradient causes the disks to break. This does not occur if 
the moisture content is reduced slowly. The reverse effect can also be 
obtained by exposing dry disks to high humidities, when the surface 
takes up moisture too rapidly and the disk again tends to break. On 
the other hand, if the moisture content of the disk is increased slowly, 
no cracking occurs. 

So far as the writers can determine the importance of drying condi¬ 
tions relates primarily to the mechanical properties of the disks. 
Disks which do *ot break can be prepared under a fairly wide range of 
drying conditions, and have relatively uniform opacity and color char¬ 
acteristics. A full investigation has not vet been undertaken because 
experience leads us to believe that in the micro test the matter is not 
so important as it might appear from consideration of the care required 
in drsing macaroni under commercial conditions. However, the re¬ 
sults of three experiments dealing with drsing conditions are reported 
below. 

The first of these is that described under the pre\ T ious heading in 
which two drying temperatures and two drying times were studied in 
addition to different rest periods. One set of disks was dried at 26°C 
and a relative humidity of 20%, and a second set was dried simul- 
taneousls at 16°(' and a relative humidity of 37%. After tw r o day's, 
half tin 1 disks were removed and their opacity measured, and the re 
maining disks were removed and measured after three days. 

The following results were obtained for absorption coefficients: at 
two da\s, 2.45 for 16°(' and 2.65 for 26°C; at three days, 2.48 for 16°C 
and 2.60 for 26°(\ Statistical analysis showed that the effect of the 
additional da\ was just significant, but that no significant interactions 
occurred between time and temperature, or between these and the 
oilier two factors included in the experiment, namely, rest period and 
semolinas. 

On the other hand, the difference of 0.16 between drying tempera¬ 
tures was significant. It should be observed that this difference, 
resulting from a variation of 10°C in drying temperature, is slightly 
below the amount of change in opacity or color w'hich can be observed 
by eve. Unfortunately the moisture content of the finished disks w r as 
not measured in this experiment but results described below indicate 
that the difference cannot be wholly ascribed to possible differences in 
moisture content. In any event it was decided that since it was con¬ 
venient to dry the disks in an available room in w'hich temperature 
was controlled at 26°C this change in procedure might well be adopted. 
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In a further experiment disks made from semolina D were dried in 
quadruplicate for 48 hours at 26°C, at relative humidities of 33, 65, and 
76%. The disks from the two higher humidities were still too wet to 
handle, 18.0% and 19.6% moisture, as compared with 14.5% for disks 
dried at 33% rh. Accordingly, all disks were dried an additional 20 
hours at room humidity (57% rh). The disks were then weighed and 
measured, and opacity was determined. These determinations were 
repeated at 92 and 232 hours, measured from the beginning of the dry¬ 
ing period. The data are shown in Table I. 

TABLE I 

Effect of Relative Humidity During Drying on Opacity 


Relative 
humidity 
during first 
48 hrs. 

Property 


Properties of paste after 


T olul 
| change 

48 hrs. 

68 hrs 

92 hrs 

232 hrs. 

from 

68 his 

% 

33 

Moisture content (%) 

14.5 

12.9 

12.5 

11.4 

1.5 


Abs, coeff. 

— 

2.82 

2.84 

2.92 

0.10 

65 

Moisture content (%) 

18.0 

13.6 

12.& 

11.5 

2.1 


Abs. coeff. 

— 

2.81 

2.84 

2.91 

0.10 

76 

Moisture content (%) 

19.6 

14.2 

13.0 

11.5 

2.7 


Abs. coeff. 

— 

2.79 

2.81 

2.90 

O.tl 


It will be observed that a difference of 1.3% of moisture existed 
between the first and last sets of disks at 68 hours, but that the dif¬ 
ference in the absorption coefficient was only 0.03, a negligible amount. 
A slight difference in the absorption coefficient persisted at 232 hours, 
by which time all disks had reached essentially the same moisture 
content. From 68 to 232 hours the first set of disks lost 1.5% of mois¬ 
ture (last column of data), the second set lost 2.1%, and the third set 
lost 2.7%. Yet all three sets showed essentially an equal increase in 
absorption coefficient. This amounted to 0.10 to 0.11 unit. It might 
be mentioned that from 68 to 232 hours the average thickness of the 
disks decreased from 0.213 to 0.210 cm. These data indicate that the 
initial relative humidity at which the disks are dried, and the final 
moisture content of the disk, had very little effect on the absorption 
coefficient. On the other hand, it appears that there is an aging effect 
of appreciable magnitude if the disks are kept for some time. 

In a further experiment the moisture content of 14 aged disks was 
gradually inc r eased by exposing them to atmospheres of increasing 
humidity. The mean moisture content was thus raised from 11.0% 
to 14.5%. The mean disk thickness increased from 0.212 to 0.214 cm, 
and the absorption coefficient decreased from 2.78 to 2.74. A very 
small change in disk quality, far less than can be observed by eye, was 
thus obtained for a change of 3.5% in moisture content. 
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As a result of these experiments it was concluded that sufficiently 
uniform results for all practical purposes could be obtained by drying 
disks at a controlled temperature of 26°C for two days and making 
measurements of the absorption coefficient and color immediately. 
In this connection it should be noted that drying conditions will always 
be uniform for a batch of disks made on any one day, and in the micro 
test 16 sets of duplicate disks can be prepared each day. In experi¬ 
ments in which more than 16 semolinas are to be compared, uncon¬ 
trolled variations in drying conditions may contribute to the inter¬ 
batch error, but this error can generally be controlled by a suitable 
statistical design. 

While it is realized that the experiments described in this section 
do not serve to elucidate the effects of drying conditions on paste 
properties, they indicate that these are not large. Accordingly, it 
seemed preferable to press forward with other phases of the investiga¬ 
tion before attempting a more comprehensive study of drying con¬ 
ditions. 


Effects of Absorption, Mixing, Sheeting and Pressure 
on Absorption Coefficients 

The effects of seven processing factors were studied simultaneously 
in a factorial experiment involving two levels of each factor. The 
factors and levels were as follows: (A) absorption, 28% and 32%; (B) 
mixing temperature, 26° and 33°C; (C) mixing time, 40 and 100 sec¬ 
onds; (D) sheeting, temperature of rolls, 24° and 37°C; (E) sheeting, 
number of times, 5 and 20; (F) pressure on gauge, 800 and 1600 lbs per 
square inch; (G) time in press, 3 and 8 minutes. Semolina D was used 
in this experiment. There were thus 128 treatments: one dough was 
made for each treatment and duplicate disks (total number, 256) were 
prepared and measured. Sixteen doughs (32 disks) were prepared 
each day so that eight days’ w ork w as required for processing, together 
with an additional three days for drying and measuring the last batch 
of disks. 

Theoretically, a complete randomization of treatments w T ould have 
been desirable in this experiment. In practice this ideal could not 
l>e achieved. It could have been attained if two mixers and two s^ts 
of sheeting rolls, operated at different temperatures, had been available; 
or if the tem|>eratures of the mixer and rolls could have been changed 
rapidly in the interval between the processing of one dough and the 
next. Neither of these solutions was considered practicable. 

Temperatures could be changed at half-day intervals (f.e., over¬ 
night or during the lunch period) so that it was necessary to fit the 
experiment to 16 half-day periods in each of which treatments could be 
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made under one of the four possible combinations of two mixing tem¬ 
peratures and two sheeting temperatures. Four half-day periods were 
required to complete the 32 treatments (the combination of the re¬ 
maining five factors at two levels of each) required at each temperature 
combination. These 32 treatments were allotted at random over the 
four half-day periods, a different randomization being used for each 
temperature combination. The 16 half-days of work were then under¬ 
taken in random order. 

It was subsequently found that this design was not adequate. 
Owing to unintentional confounding it did not provide an estimate of 
error for the comparison of the temperature factors (B and D) or of 
the interaction between them (B X D). This difficulty could have 
been overcome by careful confounding of some of the higher interac¬ 
tions within batches, but this would have involved a complex design 
beyond the ability of the writers to devise*. The design used is satis¬ 
factory provided that the inter-batch error (i.e., the error between half 
da\s) is negligible. No internal test of this point can be made, but 
on the basis of other experiments the writers believe that the inter¬ 
batch error is not large enough to introduce a serious bias. On theo¬ 
retical grounds, a st might forward anal} sis of the variance of the results 
of this experiment, disregarding the possible bias introduced In unin¬ 
tentional and inextricable confounding, cannot be defended. In prac¬ 
tice, the writers believe that it is safe. 

Effects of Main Factors 

The effects of the main processing factors on the absorption coeffi¬ 
cient are shown in the upper part of Table II. The results of experi- 

1 \BIh II 

Liuci oi Pkocissino Oadiiions o\ \bsokimion (oimu*\is 
oi Aiimi m \r\ P\sii 

\f)M>ri)ti<m (of Itu x nt 


\ ariablc 

Range 

Kang* 

I iifirn m t 

A At)M>ipMon (%) 

28 12 

4 61 175 

0 88 

B Mixing tempiratuie ( 0 O 

26 11 

4 26 1 11 

0 15 

C Mixing time (seconds) 

40 100 

3 16 5 02 

1.66 

I) Sheeting temp ot roll (°C) 

24 17 

4 21 4 16 

0.05 

E Sheeting ( number oj times) 

5 20 

4.09 4 28 

0 09 

F Procure (Ibs./sq m ) 

800 1600 

5.50 2.87 

2.63 

C* 1 ime in pros ( minutes) 

$-8 

4 42 3.96 

0.46 

Press temperature (°0 

27~ 17 

3.92 3.98 

0 02 

Rest period ( minutes) 

0-15 

2.64 2.54 

0.10 

Drying conditions* 

Temperature ( °C) 

16-26 

2.46 2.62 

0.16 

Time (days) 

2-1 

2 55-2.54 

0.01 

Relative humidit\ (%) 

33-76 

2.82-2.79 

0.03 
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merits with other processing factors, described in the previous section, 
are summarized in the lower part of Table II. These are not discussed 
a second time, but are presented for ready comparison with data for 
the seven processing factors studied in the present experiment. 

The results of the analysis of variance are shown in Table III. 
This was not carried further than the second-order interactions, and 
those of the first- and second-order interactions yielding mean squares 
lower than that of the remainder were subsequently recombined with 
the remainder so as to increase the number of degrees of freedom avail¬ 
able for the test of significance. 

Absorption: The levels of water absorption studied represent the 
extremes of the range of working consistency for the semolina used. 
The optical absorption coefficient decreases with increasing water ab¬ 
sorption; i.e.y the disks become less opaque and thus look yellower as 
the water absorption is increased. Other experiments, in which a 
greater number of levels of water absorption were used, show that the 
relation is not linear, but that opacity decreases more rapidly for a 
given increase in water absorption at the lower end of the range than 
at the higher end. 

Binnington and Geddes, working with a paste extruded from a press 
in a long strip, found that changes in absorption from 27% to 32% had 
a marked effect on paste color as measured by a sjx'ctrometric deter¬ 
mination of reflected light. With increasing absorption, ‘'brightness” 
decreased and “purity” increased, while the dominant wave length 
remained practically unaltered. Fifield et al. noted only that the 
quantity of water added must be adjusted to form a dough of proper 
consistency. 

As has been mentioned previously, the pressure exerted on a dough 
extruded through a die, as in the commercial process or in making 
macaroni in the laboratory, depends on the consistency of the dough. 
This in turn depends mainly on the water added. It should be noted, 
however, that in commercial practice an attempt to lower the opacity 
and increase the color of the paste by increasing the water absorption 
would be offset, at least in part, by the reduction in the pressure under 
which the dough would lx* extruded. This conclusion is based, of 
course*, on the assumption that the ram in the press is driven at con¬ 
stant speed. 

It is clear that in order to obtain reproducible results in the micro 
test, water absorption must be closely controlled. The choice of the 
proper absorption level for different semolinas is not easy to decide. 
For reasons discussed above, it appears that constant consistency must 
be used in laboratory macaroni making by the extrusion process, but 
this is not easily determined, and requires additional semolina for the 
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preliminary tests by “cut and try " methods. While further investiga¬ 
tion of this point is required, the writers have formed the tentative 
opinion that for the micro test it will prove practical to use a constant 
absorption of 30% for all semolinas. This simplification can be 
achieved because the micro test has the advantage of permitting inde¬ 
pendent control of the pressure applied to the paste and paste con¬ 
sistency. In the macro test independent control of pressure is not 
obtained and it is therefore important to adjust dough consistency to a 
predetermined level. 

Mixing temperature: The effect (0.15 unit, see Table II) of a 7°C 
increase in mixing temperature can be readily determined by the pho¬ 
tometer, but is barely apparent even to a trained eye. The opacity 
of the disks tends to increase with increasing mixing temperature. 
Results obtained in other experiments, in which a wider range and more 
levels of mixing were studied, indicate that the relation between opacity 
and mixing temperature is not linear under all conditions. However, 
the major irregularities occur at temperatures lower than those used 
in this present investigation. 

In order to obtain maximum reproducibility in the micro test, it 
seems advisable to control temperature during mixing by surrounding 
the mixer with a thermostatically controlled water bath, and this has 
been done (Cunningham and Anderson, 1942). If this practice is not 
followed the mixer gradually heats up as a series of doughs is mixed. 
There is thus introduced an intra-batch (intra-da)) error, over and 
above any inter-day error which might result from the effects of 
changes in room temperature on a mixer not equipped for temperature 
control. 

In this laboratory the doughs are now mixed at 30°C. This tem¬ 
perature was chosen quite arbitrarily as sufficiently above room tem¬ 
perature to make control feasible with a heated water bath. 

Mixing time' Table II shows that the amount of mixing the dough 
receives has a relative!) large effect on the opacity of the disks made 
from it. An increase in mixing time increases opacity and thus de¬ 
creases the apparent >ellowness of the disk. It will be observed that a 
wide range of mixing time was selected for the experiment, so that the 
results obtained cannot be said to be at great variance with the com¬ 
ment of Binnington and Geddes, that minor variations in mixing time 
have no appreciable effect on paste properties. However, it should be 
noted that by using the precise measurement of the absorption coeffi¬ 
cient as a criterion of quality, the effects of small variations in mixing 
time can be demonstrated, even though these cannot lx* detected by 
color matching. 
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The technique of Fifield et al. involves mixing for one minute in a 
hand-operated mixer. In view of the effect of variations in the amount 
of mixing, it appeared that this technique could be improved by using 
a motor-driven mixer. In this laboratory the mixing process is also 
timed with a stop-watch and every attempt is made to develop a 
strictly standardized technique. 

A mixing time of 40 seconds has been tentatively adopted as stand¬ 
ard. It was selected partly because short mixing yields more trans¬ 
parent and yellower disks, and partly because evidence has been ob¬ 
tained which shows that with increases in mixing time the dough 
becomes more sensitive to changes in other processing factors. Careful 
examination of series of disks leads to the belief that longer mixing in¬ 
creases opacity chiefly because it increases the number of minute air 
bubbles incorporated in the paste. As an exaggerated simile, it can 
be said that the process is similar to that of beating egg white during 
which the incorporation of air bubbles turns the translucent liquid 
t white. 

The mixer in use in this laboratory is similar to that of Fifield et al ., 
but is motor-driven at 57 rpm, while Fifield’s is hand-operated, prob¬ 
ably somewhat more slowly. It seems probable that 40 seconds of 
mixing in our machine is approximately equivalent to 60 seconds in 
theirs. Tests have shown that 40 seconds in the micro mixer is about 
equivalent to the 4-minute mix at 37 rpm used by Binnington and 
Geddes in the macro method. 

Sheeting temperature: The temperature of the rolls, and thus pre¬ 
sumably of the dough, during sheeting, appears to have a negligible 
effect on paste properties. An increase of 13°C in temperature de¬ 
creased the absorption coefficient by only 0.05 unit. 

Sheeting , number of times: In the micro test the sheeting and folding 
process corresjxmds to the kneading used in the macro test and in 
commercial plants. In a sense the sheeting and folding operation, or 
kneading for that matter, is an extension of the mixing period. There 
is this difference, however, that whereas mixing may well tend to in¬ 
corporate air bubbles in the paste*, and sheeting and folding may also 
do so, kneading should tend to remove the bubbles. Be that as it may, 
the effects of mixing and sheeting are similar; opacity increases with 
increases in either. The difference between pastes sheeted 5 and 20 
times is about of the order that can be detected visually. 

Binnington and Geddes studied the effects of kneading in the macro 
tests. The results obtained were somewhat erratic and thus difficult 
to interpret. In general they found that the effect of differences in 
kneading was considerably less than - that of differences in water 
absorption. 
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In the micro test it is desirable to obtain a sheet of dough of uniform 
thickness. To attain this end the dough must be sheeted and folded 
a number of times. Moreover, the writers believe that the sheeting 
and folding serve as an additional and less rigorous mixing, during 
which greater uniformity is developed in the dough. Experiments 
have shown that the speed at which the rolls are turned and the con¬ 
sistency of the dough affect the thickness of the sheet and thus of the 
finished disk. Faster rolling and stiffer doughs produce thicker disks. 
It therefore seemed both advisable and convenient to drive the rolls 
mechanically (at 45 rpm) rather than by hand. Fifteen times through 
the rolls has been selected as adequate for the preparation of a sheet 
of uniform characteristics. The time element is standardized by sheet¬ 
ing at 6-second intervals. 

In this connection it should also be noted that Fifield et a/., who 
sheet 20 times, claim that an interaction exists between varieties and 
sheeting. The difference between Mindum and Golden Ball is ac¬ 
centuated with increases in the number of times the dough is sheeted. 
This point has not yet been confirmed in this laboratory. 

Pressure: Increasing the pressure to which the disks are subjected 
decreases their opacity. Under the conditions of the present experi¬ 
ment, doubling the pressure reduced the absorption coefficient by al¬ 
most 50%. It thus seems safe to say that pressure is by far the most 
important of the processing factors studied. 

This point is also stressed by Fifield et al. These authors recom¬ 
mend 8000 pounds per square inch for 30 seconds, but under these 
conditions the disks 44 were more translucent than the tubular macaroni 
made from the same sample.” It was reported by LeClerc (1933) that 
pressures used in commercial practice range from 2500 to 5000 pounds 
per square inch. However, the actual pressure under which the dough 
is extruded is not easily determined since a large proportion of the 
pressure applied to the top of the dough in a cylindrical press is carried 
by the walls of the press rather than by the dough at the bottom of the 
press. Moreover, pressing conditions are not completely specified 
unless data on the time factor are given. 

In selecting the conditions used in this laboratory the writers were 
governed by a number of considerations. In the first place,.prelimi¬ 
nary experiments had indicated that an interaction exists between 
processing conditions and different semolinas. Thus if semolinas were 
to be placed by the micro test in essentially the same order as in com¬ 
mercial practice, it appeared necessary to process under similar condi¬ 
tions. However, the two procedures differ so widely that an a priori 
selection of conditions in the, micro test, which would be similar to 
commercial conditions, seemed impossible. Thus the best available 
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criterion appeared to be the similarity in appearance of the finished 
disks and macaroni. If high pressures are used the disks are far dif¬ 
ferent in appearance from macaroni, being much more translucent and 
free from minute bubbles, and accordingly it seemed wise to work with 
a lower pressure range. 

In practice the time the disks were to be held in the press was first 
established. A longer time than 30 seconds was selected, partly be¬ 
cause this conforms more closely with commercial practice, and partly 
because it should serve to offset the elimination of the rest period used 
by Fifield et al. Seven minutes was finally selected because this time 
fitted well with the routine of preparing the disks. 

Having established the press time, the pressure was then selected 
so as to give disks which had similar quality characteristics to tubular 
macaroni as judged by visual examination of the surfaces and of trans¬ 
verse sections, with respect to both texture and color. In this con¬ 
nection it should be noted that direct comparison of the colors of disks 
and macaroni with a comparator is essentially impossible because of the 
shadow effects in the tubular macaroni. Moreover the opacity of 
tubular macaroni cannot be measured by means of the photometer used 
for disks. It was thus necessary to depend mainly on visual compari¬ 
sons. The pressure finally selected as a tentative standard for routine 
tests was 1000 pounds per square inch on the gauge of the Carver press 
(i.e., on the ram), which is equivalent to about 700 pounds per square 
inch on the disks. Further experiments may show, of course, that 
some other combination of time and pressure will prove better or more 
convenient. 

It will be apparent that in order to obtain reproducible results in 
the micro test it is essential that a standard pressure be used. This 
involves the use of a sensitive pressure gauge, the accuracy of which 
should be checked from time to time. The press itself should be kept 
in first-class condition. For instance, if leaks develop so that excessive 
periodic pumping is required to maintain the pressure, this has a pack¬ 
ing effect on the disk which decreases the opacity slightly. The writers 
believe that some of their early difficulties in obtaining reproducible 
results can be traced to trouble with the press. 

Pre^s time: As would be expected, additional time in the press has 
the same effect on opacity as increasing pressure. However, doubling 
the time has far less effect than doubling the pressure. In practice 
it would appear satisfactory to select a press time convenient for 
making a series of disks under routine conditions and then select the 
pressure required to obtain disks of the desired quality. 

Fifield et al note that the time in the press is important and should 
not be less than 30 seconds. They also say that a longer application of 
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pressure is required if the dough has been mixed slightly dry. It is 
apparent that these investigators, by using very high pressure, en¬ 
deavored to develop maximum translucency in the paste. The curve 
for pressure and opacity levels off at high pressures so that the effects 
of small changes in pressure and press time are less important in the 
high range. The present writers believe that it is desirable to produce 
disks more closely similar to macaroni and that lower pressures must 
therefore be used in the micro test. Under such conditions both pres¬ 
sure and time in the press must be closely standardized if reproducible 
results are to be obtained. 

Interaction Between Processing Factors 

The statistics in Table III show a number of large interactions 
between various processing factors. The effect of a given change in 
one factor is not constant but depends upon the level of some other 

TABLE III 

Analysis of Variance of* Absorption Coefficients 






x-r--- 


Vai lance due to 

Mean 

Variance 

Mean 

Variance 

Mean 

nquare 

due to 

square 

due to 

nquare 

A Absorption 

24.70} 

A X C 

1.65} 

A X C X E 

0.42} 


A X I) 

0.12 

A X C X F 

0.23} 

B Mixing temperature 

0.67} 

\XE 

2.12} 

A X I) X K 

0.07 


\ X F 

17.92} 

A X I) X F 

0.05- 

C Mixing time 

88.43} 

A X G 

0.71} 

A X E X F 

1 92} 

BXI) 

0.06 

A X F X C. 

0.27+ 

D Sheeting temperature 

0.07 

B X F 

0.57} 

B X 1) X F 

0.07 


B X G 

0.43} 

B X G X F 

0.17} 

E Sheeting, numl>er of times 

Lll} 

C X E 

0.26+ 

CXFX G 

0.09 

C X F 

74.86} 

f) X E X F 

0.20} 

F Pressure 

221.63} 

C X G 

0.21 + 

I) X F X G 

0.12. 


D X E 

0 19+ 



G Time m press 

6 68} 

I) X F 

0.23+ 




E X F 

2.75} 





E X G 

0.06 

; 




F X G 

i 

6.68} 

Remainder 0.0414 


Note Each portion of the variance has one degree of freedom except the remumder which has 93 
tand t denote that the 5 Vt and l r o levels of significance are exceeded 


factor or factors. As pressure has the largest effect on paste* properties 
it is not surprising that it is also involved in the major interactions. 
It is thus convenient to deal first with the interactions between pressure 
and other factors, discussing these* in decreasing order of magnitude. 
There are only a few other interactions, not involving pressure, large 
enough to merit discussion. 

In one or two instances interactions have been illustrated not only 
with data from the present experiment, but also by means of graphs 
based on ether experiments in which more levels of one of the factors 
were studied. 
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Pressure X mixing time: Reference to the results of the analysis of 
variance (Table III) will show that the variance due to the interaction 
between pressure and mixing time (75) is exceeded only by the variance 
due to pressure (221) and to mixing time (88). Data illustrating the 
interaction are shown in Table IV. With increased mixing time the 
disks become more opaque (■ i.e ., the absorption coefficient is higher). 
This effect is enormous when the disks are subsequently pressed at 
800 pounds per square inch, but is very small at a pressure of 1600 
pounds. Alternately, it can be said that the effect of doubling the 
pressure is far smaller when the dough is mixed for 40 seconds than 
when it is mixed for 100. 


TABLE IV 

Absorption Coefficients Illustrating the Ini fraction Between Pressure 
and Certain Other Factors 





Pressure lbt» /sq. in 



800 

1600 

Difference 

Mixing time (second*) 

40 

3.91 

2.80 

1.11 


100 

7.10 

2 94 

4.16 


I hflerence 

- L09 

-0.14 


Water absorption [%) 

28 

6.32 

2.94 

3.38 


32 

4.69 

2.80 

1.89 


Difference 

1.63 

0 14 


Press time ( minute*) 

3 

5.90 

2.93 

2.97 


8 

5.10 

2.81 

2.29 


Difference 

0.80 

0.12 


Number of sheetings 

5 

5.26 

2.92 

2.34 


20 

5.74 

2.82 

2.92 


Difference 

— 0.48 

0.10 



The interaction is illustrated in Figures 1 and 2, which represent 
experiments made with different semolinas. Figure 1 shows data for 
semolina E, processed at two different pressures and at a number of 
different mixing times, while Figure 2 shows data for semolina B proc¬ 
essed at two mixing times and a number of different pressures. The 
.second graph is the more illuminating. It shows that the curves for 
pressure tend to level off at about 1000 pounds per square inch and 
that the interaction between pressure and mixing time occurs largely 
below this level. 

So far as can be determined by examination of disks, increasing the 
mixing time causes an increase in opacity largely as a result of the in¬ 
corporation in the dough of many minute bubbles. With lower mixing 
times the bubbles are fewer and larger. The application of pressure 
subsequently tends to decrease the number of bubbles and enlarge 
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40 00 00 100 ISO 


MIXING TIME, SEC. 

Fig 1. Curves showing the effects, on the optical absorption coefficient of micro disks, of mixing for 
different times and pressing at 600 or 1200 pounds* per square inch. 



000 1000 1400 


PRESSURE LB./SQ.IN. 

Fig. 2. Curves showing tne effects, on the optical absorption coefficient of micro disks, of using 
different pressures after mixing for 40 or 100 seconds. 

their sue. Thus with paste mixed for 100 seconds, doubling the pres¬ 
sure reduces the opacity enormously, as there are many bubbles in the 
paste prior to pressing. But with doughs mixed for 40 seconds, dou¬ 
bling the pressure has a much smaller effect on opacity because there 
are fewer original bubbles. This appears to be the principal explana¬ 
tion of the interaction between mixing time and pressure. 
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Pressure X water absorption: Data illustrating the interaction be¬ 
tween pressure and water absorption are also shown in Table IV. The 
effect of a 4% change in absorption is much less at 1600 pounds per 
square inch than at 800 pounds. The average difference between the 
disks at the 1600-pound level is of about the order which can just be 
detected by visual inspection. At the 800-pound level a wide differ¬ 
ence in quality between disks having absorption of 28% and 32% is 
readily apparent. 

The relation between absorption and pressure is better illustrated 
with data from another experiment in which semolina E was processed 
at two pressures and a wide range of absorptions. The data are shown 
in Figure 3. It is apparent that the effect of increasing absorption is 
much less at 1200 than at 800 pounds per square inch. Moreover, at 



the latter pressure level, a change of 1% in absorption has a far greater 
effect in the range below 30% than in the range above 30%. 

Pressure and press time: Data illustrating this interaction are given 
in the third section of Table IV. As might be expected, at high pres¬ 
sure the length of time the disk is held in the press has a comparatively 
small effect on the quality of the paste, whereas at low pressures an 
appreciable change in quality can be obtained by varying the time 
during which pressure is applied. It will be noted that the interaction 
between pressure and press time is considerably smaller *han the three 
interactions discussed previously. 
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Pressure and number of sheetings: The^ilowerjsection bf Table IV 
illustrates the interaction between pressure and the number of times 
the dough is folded and passed through the sheeting rolls. It will be 
observed that at 800 pounds of pressure an appreciable increase in 
opacity occurs between 5 and 20 sheetings. On the other hand, at 
1600 pounds of pressure the opacity is slightly reduced by increased 
sheeting. This change in the effect of sheeting at different pressures 
is not readily explained. The writers are inclined to believe repeated 
folding and sheeting may tend to increase slightly the number of bub¬ 
bles incorporated in the dough between the various layers of paste. 
At low pressure these layers may not be completely pressed together, 
so that an increase in opacity results from additional sheeting. On the 
other hand, at higher pressures this effect is overcome and the compact¬ 
ing of the dough within layers during sheeting offsets the possible in¬ 
clusion of air bubbles between layers, thus decreasing the final opacity 
of the discs. 

While no proof of this hypothesis can be offered, and the interaction 
is certainly small, further consideration of the points involved is 
merited. It seems doubtful whether the folding and sheeting tech¬ 
nique of the micro test can be considered equivalent to the kneading 
used in the macro test and in commercial practice. It is certain at 
least that the latter process must tend to compact the dough and remove 
air bubbles, while it is by no means certain that this occurs in the sheet¬ 
ing procedure of the micro test. It seems possible that a complete 
change in technique may be advantageous at this stage of the micro 
processing method. 

Absorption and number of sheetings: Data illustrating this interaction 
are given in Table V. The results are curious. At 28% absorption 

TABLE V 

Absorption Coefficients Illustrating the Interaction Between 
Water Absorption and Certain Other Factors 





Water absorption. 

% 




28 

32 

Difference 

Number of ‘•hcetings 







5 

4.40 

3.78 

0.62 



20 

4.85 

3.71 

1.14 



Difference 

-0.45 

0.07 


Mixing time (, seconds) 


40 

3.91 

2.80 

l.U 



too 

5.34 

4.69 

0.65 



Difference 

-1.43 

-1.89 


Press time (minutes) 


3 

4.93 

3.90 

1,03 



8 

4.32 

3.59 

0.73 



Difference 

0.61 

0.31 




July, 1043 R L. CUNNINGHAM AND J. ANSEL ANDERSON 


501 


an increase in the number of times the dough is folded and sheeted 
increases the opacity considerably. At 32% absorption an equal 
change in sheeting decrease's the opacity very slightly. 

This interaction does not appear to result from a differential amount 
of drying during sheeting. Thus it might be expected that the wetter 
dough would dry more during the sheeting operation. But if drying is 
equivalent to reducing the absorption then the opacity should tend to 
increase more (or rather, to decrease less) in the dough with the higher 
moisture content. This does not happen. 

The writers are again of the opinion that the effect results from the 
creation of layers in the past during sheeting. Opacity will be in¬ 
creased to the extent to which these la>ers persist in the finished disk, 
i.e.y to the extent to which the layers are separated by increased num¬ 
bers of air bubbles. It seems reasonable to suppose that there will be 
a far greater tendency for the layers to persist in drier doughs, so that 
an interaction between absorption and the number of sheeting opera¬ 
tions may be expected. 

Absorption and mixing time: Table V also contains data illustrating 
this interaction. Increasing the mixing time increases the opacity 
somewhat more in the dough with the higher absorption. Alternately, 
it can also be said that the effects of a 4% increase in absorption are 
considerable greater with 40 seconds of mixing than with 100 seconds. 
Although it ma\ appear to be laboring the point, the writers believe 
that this interaction can again be explained in part b\ the number and 
si/e of the air bubbles incorporated in the paste. However, other and 
less easily observed effects of absorption and mixing on the characteris¬ 
tics of the doughs must also be expected to contribute to the interaction. 

Absorption and press time: The data in the lower section of Table V 
show that the interaction between absorption and press time is similar 
to that between absorption and pressure. W ith increased press time, 
as with increased pressure, the effect of a 4% increase in absorption 
decreases. There appears to be little doubt that the effects of increas¬ 
ing the time during which pressure is applied are essentially the same 
as the effects of increasing the pressure. 

Other first-order interactions: Most of the remaining interactions (see 
Table III) are too small to merit separate discussion. Two attained 
the 1% level of significance, four attained the 5% level, and the re¬ 
maining ones were not significant. 

The tw^o interactions, not >et discussed, which attained the 1% 
level involve mixing temperatures and pressure. It appears that a 
differential effect of pressure and press time exists on doughs mixed at 
high and low temperatures. The interactions, however, are com¬ 
paratively small. 
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Of the four remaining interactions which were significant, two in¬ 
volve mixing time, which interacts with press time and the number of 
sheetings, and two involve sheeting temperature, which interacts with 
pressure and also with the number of sheetings. None of these inter¬ 
actions is of sufficient practical importance to merit discussion. 

Second-order interactions: Reference to the statistics in Table III 
will show that only one of the second-order interactions is large, namely, 
that between pressure, absorption, and number of sheetings. Pressure 
is the factor causing the greatest change in paste properties and the 
interaction between absorption and sheeting is the largest first-order 
interaction not involving pressure. Accordingly, it is not surprising 
that the second-order interaction under consideration should attain 
considerable magnitude. It will also be noted that the next largest 
second-order interaction merely involves the substitution of mixing 
time for pressure ( i.e. f mixing time X absorption X sheeting). 

It is perhaps surprising that none of the second-order interactions 
involving both pressure and mixing time is large, in view of the size 
of the first-order interaction involving these two factors. Actually, 
only one of these second-order interactions attains the 5% level of 
significance, namely, that which also involves absorption. 

A knowledge of the second-order interactions is of comparatively 
little practical use in establishing a precise micro test or in designing 
experiments bearing on the utility of the test for studying different 
semolinas. Accordingly, presentation of data illustrating the second- 
order interactions, and discussion of them, does not seem warranted. 

Discussion 

The utility of the data published in this paper is obviously limited 
by the fact that they deal only with opacity measurements rather than 
with the more commonly measured color characteristics of the paste. 
However, it has been shown in the previous paper that, with disks made 
from one semolina, color is closely related to opacity; i.e., the yellowness 
of the paste is inversely related to the optical absorption coefficient. 
Thus since each experiment in the present pajx^r was made with one 
semolina, the data on opacity can be interpreted in terms of color. 
It will also be apparent that measurements of opacity are far more 
useful than color determinations in a study of the present type, since 
the former measurement is a great deal more precise and rapid. Thus 
many of the effects which can be readily demonstrated with opacity 
measurements, either as statistically significant differences or as smooth 
curves, could not be demonstrated by the less precise determinations of 
color. The errors of the final determination of color would have been 
so great as to mask real though small differences, and curves would 
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have been unconvincing because of their irregularity. There is, more¬ 
over, the added difficulty that the time consumed in making color 
measurement would have been so great that it would have been neces¬ 
sary to reduce the scale of the investigation. When large differences 
in paste properties were demonstrated by opacity measurements, these 
could also be seen by inspection as differences in the color of the paste. 

In order to obtain the highest degree of reproducibility in the micro 
test, it appears necessary to provide close control of conditions at each 
stage of processing. The most important stages are as follows: press¬ 
ing, during which pressure and time in press must be closely standard¬ 
ized; mixing, during which the speed, time, and temperature must be 
maintained at constant levels; and the amount of water added to the 
dough, which must be standardized, either at constant absorption or 
possibly at constant consistency. The number of sheeting operations 
and the drying temperature have less effect on paste properties but 
also merit control. 

In general the authors would also recommend careful standardiza¬ 
tion of all other processing factors whenever this is feasible, particularly 
if strictly comparable results are required at widely different times ( e.g ., 
for crops of different years). This recommendation is based on two 
premises: first, that the present investigation is not all-inclusive, and 
second, that no test can be too precise provided precision is not ob¬ 
tained at the e\f)ense of speed or convenience, or by the investment in 
equipment of more capital than is warranted to attain a practical level 
of reproducibility. 

It is pertinent to note that the sampling error is probably the limit¬ 
ing error in the micro test when the standardization recommended in 
the last paragraph but one is adopted. The sampling error for semo¬ 
lina, though appreciably less than that for whole wheat, is greater than 
that for flour. However, semolina can be conveniently handled with a 
Boerner sampler, and this practice is followed in this laboratory. 
Nevertheless, so far as can be judged from the results of careful experi¬ 
ments, the sampling error is still a limiting factor in obtaining accurate 
and reproducible results. In certain applications of the micro test, 
notably in testing new hybrid wheats at an early stage, the sampling 
error will be that of wheat. This will occur when the plant breeder 
can supply only 100 g of wheat for testing, and all this must be milled 
to produce enough semolina for one mix. In this event the degree to 
which a single sample can represent the average performance of a 
variety will certainly limit the interpretation of results. 

To return to the errors of the test itself, it should be pointed out 
that these can be divided into intra-batch and inter-batch (or inter-day) 
errors The latter are greater than the former. Accordingly, statisti- 
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cal design of the investigation for the control of the inter-day error will 
frequently be required. Thus, if samples representing a number of 
varieties grown at several stations are to be tested with the main object 
of comparing varieties, then all samples from one station should be 
tested in one batch, and so on, so that the inter-batch error is removed 
from the comparison of varieties and placed with the less important 
comparison of stations. The micro test provides ample scope for such 
designs since single doughs, and duplicate disks, can readily be made 
from 16 different semolinas in a working day of 6$ hours, together 
with measurements of the opacity of such disks from a previous batch 
as may be readv for measurement on that day. This rate presupposes 
a team of two, which is convenient for large-scale investigations with 
the micro method. 

A stud} of the interactions between various processing factors sug¬ 
gests that the precision of the test will be affected by the levels at w'hich 
certain of the factors are standardized. Thus at high pressures the 
effects of changes in mixing time and absorption are minimized; at low 
mixing times the effects of pressure changes are smaller though the 
effect of mixing is greater; and at high absorption the effects of pressure 
changes are again lower though the effects of mixing are greater. In 
general it appears that the most precise results can certainly be obtained 
at high pressures, and from this ]>oint of view' it also ap|>ears best to 
w f ork with a low mixing time and a high absorption. 

However, the selection of levels for various processing factors must 
be conditioned b\ considerations other than the reproducibility of the 
results. A small preliminar\ stuck of the effect of processing condi¬ 
tions on different semolinas has showm that these can be placed in dif¬ 
ferent order of rank with respect to opacity and color by varying the 
processing method. l T nder these conditions it follows that, since it is 
desirable that the micro test place semolinas in the same order as they 
would be placed in commercial practice, the micro test should simulate 
the conditions used in large plants and produce pastes of the same 
general properties. 

The selection of suitable conditions for the micro test is no simple 
matter. It seems impossible to base the selection on a priori considera¬ 
tions owing to the wide differences in the techniques employed in the 
two procedures. For instance, in the micro test a short mixing time 
can be used because of the small amount of dough handled. On the 
other hand it ma> well be that longer and less vigorous mixing would 
be better. In the micro test the disks are pressed in confined space, 
w'hereas in commercial practice the dough is pressed through a die. 
It is extremely difficult to equate these two conditions. Again, in 
commercial practice the dough is kneaded for some time, but in the 
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micro test, as presently developed, kneading is replaced by repeated 
folding and sheeting, an entirely different process. 

In the investigations so far reported, the writers had no need to 
adopt standardized levels for the various processing factors since it 
was the effect of changing these which was under investigation. 
Nevertheless, some tentative selection of levels has been made and is 
indeed implied merely by the ranges studied for each factor. The 
criterion used in the selection was that the pastes obtained should 
have the general appearance of commercially made macaroni when 
inspected visually either by examination of the surfaces of the disks 
and macaroni, or by comparison of transverse fractions. 

The writers are not prepared to defend the present tentative selec¬ 
tion of conditions vigorously. Indeed it may shortly be demonstrated 
that these should be changed. It is apparent that a great deal more 
investigation of a number of semolinas must be made before it can be 
shown conclusively that the micro test now used in the laboratory is a 
useful tool for assessing the quality characteristics of different wheats 
and semolinas. Though it is difficult to spare men and time for re¬ 
search in this field during the war, it is hoped that some further progress 
can be made in the near future. 

Summary 

In the micro test for alimentary pastes, doughs are mixed and 
sheeted and disks are then cut from the sheet, pressed and dried. A 
study has been made of the effects of processing conditions on paste 
properties, as measured by the optical coefficient of opacity, with the 
principal object of determining the degree of standardization that 
must be achieved at each stage of processing in order to obtain highly 
reproducible results. 

The investigations show that the most important stages are: 
pressing, during which pressure and time in press must be closely 
standardized; mixing, during which speed, time, and temperature must 
be maintained at constant levels; and the amount of water added to 
the dough which must be standardized either at constant absorption or 
possibly at constant dough consistency. The number of sheeting 
operations and the drying temperature have less effect on paste proper¬ 
ties but also merit control. Temperature of sheeting rolls and press 
have little effect. It is recommended that no rest period be used prior 
to pressing. Time of drying should be standardized, mainly because 
of changes in paste properties with time, which appear to be associated 
with aging rather than with the final moisture content of the disks. 
Considerable variation in the relative humidity of the an during drying 
does not appear to be important, presumably because the disks are 
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encased between sheets of bond and filter paper during this process, 
and because the final moisture content of the disks is not critical. 

The elucidation of the effects of changing the processing conditions 
is complicated by the existence of interactions between various pairs of 
factors. It was necessary, therefore, to use factorial designs through¬ 
out the investigations and this made possible the study of the major 
interactions. The most important appear to be those between pressure 
and mixing time, pressure and absorption, and pressure and time in 
press. The existence of these interactions makes it impossible to state 
the exact effect on paste properties of a change at any one stage of 
processing unless the remaining processing conditions are also specified. 
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MEASUREMENT AND SIGNIFICANCE OF GLUTEN QUALITY 

J. C. Baker, M. D. Mize, and H. K. Parker 

Wallace & Tiernan Laboratories, Newark, New Jersey 
(Read at the Annual Meeting, Ma> IV42) 

Gluten quality is a term broadly used in referring to variations in 
the bread-making properties of flours of the same gluten quantity. 
The apparent quality of gluten may bo altered by the treatment and 
handling of dough in the baking process. The reasonsforgluten quality 
variations and alteration by different treatment such as oxidation and 
reduction, fermentation, proteolytic enzymes, etc., have been matters 
of much interest to cereal chemists. Many fielieve the changes 
brought about by oxidizing and reducing treatments are due to hydra¬ 
tion or akeiation of the gluten itself, while others consider that they 
may be largely a result of changes in nongluten constituents, such as 
water solubles and lipids, which are closely associated with the gluten. 

Investigations of physical properties of gluten have been under way 
for some time in our laboratory, and a method of testing these proper- 
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ties of gluten has been described by Baker, Mize, and Parker (1942). 
At one time the method appeared suitable for examining the physical 
characteristics of gluten and for testing the effects of different modifying 
treatments. It became apparent after further use that the method, 
though satisfactory for earlier work, was not accurate enough for more 
exacting requirements. A new apparatus was devised by modifying 
the machine designed by Baker for testing the physical properties of 
bread, and described by Platt and Powers (1940). 

Apparatus and Procedure 

The Baker instrument was modified to carry a probe having at 
the end a small ball, 1 mm in diameter, which uas made to penetrate a 
gluten ball by force applied from a motor A special holder for the 
gluten was developed, so that testing conditions on different samples 
would be as nearh constant as possible. The photograph (Fig. 1) 



Hg 1 Modified instrument for the measurement of force lequired to puncture a gluten bail 

shows the apparatus, with the gluten under strain in position in the 
testing chamber and the probe resting on one of the test points at 
which the gluten is to be penetrated. When the motor is started, the 
cord is drawn down over the drum at a constant rate, this motion is 
applied through a spring to the arm carrying the probe, which is thus 
forced downward into the gluten. When the gluten is properly pre- 



508 


GLUTEN QUALITY 


Vol 20 


pared for testing in this manner, the probe forces the test surface in¬ 
ward without penetrating, until the surface can no longer resist the 
penetrating force and suddenly yields, permitting the probe to enter 
with an abrupt increase in the rate of the downward motion of the 
probe. One can read on the scale the force, in grams, at which this 
penetration of the surface occurs. The readings thus taken indicate 
the force in grams required to cause a 1-mm ball to penetrate the sur¬ 
face of the prepared gluten. Penetration occurs only when the surface 
has reached its elastic limit and rupture of the surface takes place. 

Glutens were washed from doughs under standardized conditions. 
A half-hour resting period was allowed after the dough was mixed in 
order that gluten might be obtained from flours which washed with 
difficulty. In other instances fermented doughs were washed after a 
prescribed period of fermentation. The gluten from 200 g of flour 
was washed in the presence of carbon dioxide in 2 1 of 3J4% salt solu¬ 
tion at 75°F and allowed to rest for 30 minutes. The gluten was then 
formed into a ball weighing 23 g and repeatedly, gently grasped in the 
hand and extruded between the thumb and forefinger of the closed fist 
in such a manner that the ball of gluten thus formed was stretched, 
though not enough to break the surface. 

The extrusion was carried on very gently, the finger reopened, per¬ 
mitting the gluten to return, and the gluten again extruded many times 
to gradually force it to assume a smooth, glistening, unbroken spherical 
surface under strain. The ball was then closed at the base by squeez¬ 
ing with the finger and quickly placed in the test dish where a heavy 
ring was placed on top of the gluten to hold it in the strained position 
beneath the surface of a 3J^% salt solution. 

A plate with holes for six test positions was placed in position to 
hold the gluten and the ring in place. Six penetrations of the pre¬ 
pared ball were made and the force in grams required to penetrate 
noted. These readings were averaged. The sample was permitted 
to rest one hour, and the test repeated after the sample was again pre¬ 
pared in the above manner. Three to five such tests were made, giving 
a total of 18 to 30 readings on a single gluten. All exceptionally low 
readings were discarded, the result reported being the average of the 
higher readings. Low readings were discarded because they indicated 
flaws or weak points in the gluten which happened to exist at the point 
of test. 

In order to purify the gluten, 70 g of the sample after testing was 
placed in a Waring Blendor with 400 g of ice and 3 g of salt. The entire 
apparatus was then placed in a vacuum chamber, and the Waring 
Blendor was allowed to run at full speed for five minutes to disperse* 
the gluten into a fine state of subdivision, producing a suspension of 
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milky appearance. Then the vacuum was released with carbon diox¬ 
ide, the gluten suspension poured into cups and centrifuged, where 
it reformed to a mass that could be collected and handled as ordinary 
gluten. In this process the water solubles and the fine starch particles 
which are ordinarily impossible to wash from gluten are largely re¬ 
moved. The gluten was then tested in the machine, again dispersed 
and this process repeated until the readings obtained reached a maxi¬ 
mum, indicating that the purification of the gluten by dispersion had 
been approximately completed. Glutens are purified under these con¬ 
ditions after three dispersions. 

The total amount of salt solution used in the entire process of 
washing and dispersing the gluten from 150 g of flour was 2,700 ml. 
This volume is kept low to minimize the amount of gliadin dissolved. 

Measurements, Preliminary and General 

The results of the successive dispersions can be plotted in grams 
required to penetrate the gluten. Figure 2 shows three series of results 



obtained by this method. The first series was designed to show the 
application of the method. Curve 1 gives the results obtained by dis¬ 
persing a gluten washed under the above specified conditions. On the 
ordinate is plotted the first point for each curve and shows the force 
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required to puncture the undispersed gluten as it was obtained after 
gluten washing. The gluten was tested and the puncturing force was 
measured after each of the three successive purifying dispersions. 
This puncturing force increased until substantially constant value was 
obtained after the third purification. Dispersions beyond the third 
often gave results lower in value than the maximum. This decrease in 
strength on further purification may have been due to the occasional 
slight leakage of oxygen into our vacuum apparatus. 

Curve 2 in the first series shows the effect on the gluten strength 
of extracting flour fats from the same flour by the method described 
by Baker, Mize, and Parker (1942). Improvement obtained was no 
greater than one would expect from the removal of inert material 
equivalent to this amount of fat, resulting in a greater concentration 
of gluten in the sample. This study thereby confirmed our opinion 
that the extractable fat in sound flour exerts very little effect upon 
gluten quality. 

Curves 1 and 2 were obtained by mixing a dough without >east and 
permitting it to stand 30 minutes before washing. .The third curve 
shows the effect of three-hour fermentation before the gluten was 
washed. The fermentation seemingly permitted greater purification 
of the gluten during gluten washing. The strength of the fermented 
hand-washed gluten was nearly double that from an unfermented 
30-minute dough. Upon dispersion, this fermented gluten was more 
quickly purified to a maximum strength which was somewhat greater 
than is obtainable with unfermented gluten. This was probably dm* 
to the removal of glutathione from the system by the yeast during the 
fermentation, as described by Hulett (1940), thereby eliminating the 
effect of glutathione upon the proteins as reported by Sullivan, Howe, 
Schmalz, and Astleford (1940). There was also an improvement of 
the gluten due to the more thorough removal of the small starch gran¬ 
ules from the gluten during the washing of a fermented dough. 

The fourth curve illustrates the effect of autolysis without yeast. 
In this case the dough stood three hours in a manner similar to that 
shown in Curve 3, but in the absence of yeast. Here the autolytic 
effect was to lower the strength of the gluten at all points of purification. 
This was possibly due to proteolytic action in the absence of yeast. 

The second series of curves shows the results with washed and 
puiified glutens from a series of widely divergent flours. These glutens 
were prepared from 30-minutc doughs containing no yeast. The 
freshly washed glutens were all fairly weak. As the purification pro¬ 
ceeded, all of the glutens improved in strength until a maximum was 
reached at the third dispersion. These studies clearly suggest that the 
differences among the baking properties of these wheats (see Table I) 
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are primarily due to the inherent qualities of their glutens. The 
magnitudes of the “strengths” of these glutens do not appear to be in 
the exact order of baking quality inasmuch as the bread prepared from 
hard spring flour was superior to any of the others in this series. 

Results with glutens washed from doughs that had been fermented 
are shown in the third series. The purified gluten from the hard spring 
wheat resisted puncture more than any of the others. While the read¬ 
ings obtained for the hand washed glutens before dispersion in either 
series do not indicate the baking order of these flours, those of the 
purified fermented glutens do seem well correlated with baking values. 
This evidence is interpreted to mean that the character of the gluten 
is the variable that controls flour quality and suggests that water 
solubles play a minor part. 

Effect of Additions of Various Ingredients 

Table I gives an analysis of the water solubles in the supernatant 
liquor obtained by centrifuging a batter of two parts water and one 
part flour. In this table are given the quantity of total solids, soluble 
proteins, soluble pentosans, the maximum force required to puncture 
the purified gluten from fermented dough, and the loaf volume and 
texture of the bread obtained from these flours. 


TABLE I 

Analysis of Waikr Solvblls in Baitbrs 


Flour 

Solubles in supernatant 
trom a 2 to 1 batter 

| Gluten 

Bread 

1 otal 
solids 

Soluble 

protein 

| 

Soluble 

pentosan 

Maximum 
punt ture 
forte 

Loat 

volume 

Texture 

Hard spring 

Hard winter 

Chief kan 1939 

1 >urum 

0.3844 
0.3638 
0.2874 
0.6204 j 

g per JO ml 

0 0780 
0.0762 

0 0668 
0.0808 

0 0554 

0 05% 
0.0384 

0 0580 

g 

33.4 

31.0 

23.7 

20.8 

ft 

2840 

2570 

2280 

1900 

102 

99 

90 

80 


The puncture-force values are in direct relationship to the baking 
results. The analysis of the water solubles shows little correlation 
with baking value, but this does not imply that the solubles are without 
effect. 

Bread was baked with a “dough-up” liquid consisting of the con¬ 
centrated flour extract from the sound flours above described, whereby 
the concentration of flour solubles in the dough was increased by about 
25%. With proper treatment, such as adjustment of oxidation or 
fermentation, the use of flour extract improved the quality of bread 
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obtained from a given flour. It is thus evident that some flour solubles 
may be desirable in bread baking and it seems probable that the more 
of these desirable solubles a dough contains, the better the bread that 
may be produced. This is presumably due to the effect of the in¬ 
creased concentration of solubles upon the viscosity of the dough. 
Heating the extract to the clouding point of the leucosin further im¬ 
proves the baking value, indicating that leucosin may not be entirely 
desirable. 

Figures 3 and 4 show the force required to puncture glutens ob¬ 
tained from the use of sprouted wheat and from additions of other 
ingredients to dough. The first series of curves in Figure 3 shows 
results with glutens, respectively, from a sound flour and from flours 
milled from wheat containing 10% and 27% of sprouted grain. These 
flours were all obtained from hard spring wheat of the same area, and 
were of substantially similar character. The presence of 10% of 
sprouted grain did not produce much effect upon the ultimate strength 
of the gluten, suggesting that sprouting in its early stages does not 
produce much proteolytic enzyme. Because of the presence of alpha- 
amylase and deteriorated pentosan, the presence of sprouted grain 
does have an effect upon bread baking, as shown by Baker, Parker, and 
Mize (1943). With the flour made from wheat containing the larger 
percentage of sprouted grain, the recovered gluten showed consider¬ 
able effect of proteolytic activity, resulting in quality deterioration, as 
shown in the lower curve. 

The second series of curves in Figure 3 shows the effect of added 
malt. In this case 0.5% malt flour was added, which is in excess of 
commercial usage. In malted flour, where the sprouting process has 
been carried much further than is found in ordinary sprouted grain, a 
considerable amount of proteolytic enzyme developed and deterioration 
of the gluten resulted. 

The third series of curves in Figure 3 shows the effect of adding 
bromate to the dough before fermentation. The upper curve (No. 1) 
is the control curve for the one containing no bromate. Curves 2, 3, 
and 4 are for those containing 10, 20, and 80 ppm of bromate respec¬ 
tively. The larger amounts of bromate have produced deterioration 
in gluten quality. 

Cr^ve 5 shows the effect of using milk powder when 80 ppm of 
bromate is used in baking The washed gluten strength is similar to 
that of the gluten from a dough containing 80 ppm of bromate. How¬ 
ever, this gluten retained substantially all of its strength after having 
been thoroughly purified by three dispersions. This may explain 
the findings of Ofelt and Larmour (1940), who show that milk prevents 
the damage produced by excessive amounts of bromate. 
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Fig. 4. Relation of gluten purification to penetrating force —glutathione and papain added to doughs. 
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Figure 4 shows the results of adding either glutathione or papain 
to doughs; also, the action of subsequent oxidation upon such doughs. 
The first series gives the results obtained with glutathione in a 30- 
minute dough without yeast. Curve 1 is from untreated flour. Curve 
2 shows that glutathione produces a lowering of gluten strength. 
Curve 3 gives the effect of oxidizing the glutathione dough by washing 
it in water containing a small amount of sodium chlorite. The use of 
the oxidizing agent has returned the gluten in part to its original 
strength, though complete recovery was not obtained. 

The next series of curves shows the results obtained by fermenting 
these same doughs three hours with yeast. The lower curve (No. 2) 
shows that the added glutathione had a very marked effect in the 
three hours, even in the presence of yeast. This was much greater 
than occurred in the 30-minute dough shown on the previous curve, 
indicating that the yeast was unable to consume all the glutathione. 
The excess glutathione either activated the proteolysis in the dough or 
else continued to alter the gluten molecules so that much weaker 
gluten was obtained. Curve 3 shows the effect of washing the gluten 
from this dough in water containing sodium chlorite. Apparently 
the oxidizing agent reversed the effect produced by the glutathione 
and returned the gluten again toward its original properties, though 
there was still some loss in strength. 

The next series of curves shows results obtained from the use of 
papain in fermented doughs, the top curve representing no papain and 
the remaining curves reflecting increasing increments of papain. The 
smallest amount of papain used (5 ppm, Curve 2) had little effect. 
The larger amounts of papain (10, 20, and 40 ppm, Curves 3, 4 and 5) 
showed increasing damage to the glutens. 

Curve 3, representing 10 ppm of papain, shows the first marked 
deterioration of gluten quality, similar to that obtained by the 50 ppm 
of glutathione. When this dough was washed in water containing 
sodium chlorite (Curve 6) the injury produced by papain was reversed 
and the gluten returned nearly to its original strength. This gives an 
indication of the manner in which glutathione and papain act on gluten, 
and also of the manner in which oxidizing agents affect those agents. 
Both the glutathione and the papain apparently begin the disintegra¬ 
tion of gluten in a similar manner and cause loss of “ strength.” 

The results presented here illustrate the possibilities of this method 
of testing gluten. Many other variables could have been applied to 
doughs and tested by the same method. We expect in the near future 
to make a similar study on the use of flour oxidants as contrasted to 
the use of dough oxidants here reported. 
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Discussion 

Gluten quality can now be defined and denoted in terms of its 
resistance to rupture as measured by the puncture test on purified 
gluten. The full strength of gluten is not evident until it has been 
subjected to fermentation, which eliminates glutathione, 1 releases the 
small starch from the gluten, and assembles the gluten prior to washing. 
Gluten, when developed by yeast in the dough, seems to exhibit its 
maximum strength. The apparent strength of gluten may be affected 
by the solubles in the flour. In general, these solubles do not vary 
greatly in amount among different flours. The baking character of a 
flour can be varied by introducing solubles extracted from flour. The 
addition of ingredients to doughs may alter dough properties or may 
promote the speed at which various undesirable characteristics of a 
dough are eliminated during fermentation. Thus oxidation of the 
glutathione reduces this task for the yeast. No ingredients or treat¬ 
ments which may be added to the dough produce an increase in the 
potential strength of such gluten. They either lower the gluten 
strength or have no effect. The improving action of certain ingre¬ 
dients which are used in dough must be due to effects other than a 
direct action on “gluten quality ” as here defined. 

Gluten quality is a wheat variety characteristic; the better wheats, 
as adjudged from a bread making standpoint, have stronger gluten. 
Glutens from some wheats, such as durum, are so weak, as here meas¬ 
ured, that they are incapable of making good bread. 

The potential bread-making capacity of a given flour should be 
determined by the ability of its gluten to resist rupture. The capacity 
of such glutens to make improved bread can be shown by use of the 
“no dough time” method (Baker and Mize, 1941). In standard 
bread-making procedure, however, the effect of increased gluten 
strength may in many cases be undesirable, causing such things as 
bucky doughs. 

The action and effect of oxidizing agents on dough can be further 
summarized. Combining the evidence submitted in this paper with 
the observations found in the work on pentosans by Baker, Parker, 
and Mize (1943), the first effect of an oxidizing agent in dough is the 
elimination of the “glutathione” type of reducing substances present, 
so that the gluten strength is improved. At the same time, the oxida¬ 
tion of the glutathione alters its usual effect upon soluble pentosans in 
the dough and they become more viscous, thus reducing the rate at 
which the gas bubbles in the dough may coalesce. The dough lubri- 

1 Where the word "glutathione” appears in this discussion to describe a natural flour constituent, 
we use the term to mean glutathionelike compounds charactemed by the -SH group. We have not 
determined their identity. 



516 


GLUTEN QUALITY 


Vol. 20 


cant becomes thicker because of the oxidation of the glutathione, and 
the flow of the dough substance is thereby decreased. After the gluta¬ 
thione is partially or wholly oxidized, the action of the oxidizing agent 
may continue upon the soluble pentosans themselves, further increasing 
their viscosity, and finally changing them into a gel form. The result- 
tant thickening of dough should produce a rigidity that will resist 
deformation of cell structure. Hence, it may be desirable that the 
gelling reactions do not occur until after the dough has passed through 
all quick mechanical deformations during the baking procedure. Once 
it is in the pan, the rigidity will cause no further harm. This has been 
clearly shown in the work by Baker and Mize (1941) on the making of 
“no dough time” doughs. 

When the glutathione has been oxidized, the action of the oxidizing 
agent may continue further and affect the proteins. Oxidizing agents 
act upon protein to lower its mechanical strength, causing gluten to 
be more easily punctured or broken. Excessive oxidation can produce 
a very material lowering of gluten strength. The addition of milk to 
doughs seems to prevent this action of the oxidizing agent upon the 
gluten. It also was shown in the experimental data that oxidizing 
agents can prevent papain from lowering the puncture strength of 
gluten. These observations support the assumption that oxidizing 
agents may cause decreased proteolysis when present in doughs, either 
by acting on glutathione or by directly attacking proteolytic enzymes. 
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THE RELATION OF PROTEOLYSIS TO THE CHARACTERISTICS 
OF OXIDATION AND REDUCTION IN DOUGHS 1 

R. M. Sandstedt and Karl Fortmann * 

Department of Agricultural Chemistry, Nebraska Agricultural 
Experiment Station, Lincoln, Nebraska 

(Read at the Annual Meeting, May 1042) 

The role of proteolysis in bread doughs has been the subject of 
considerable investigation and controversy. The suggestion was made 
by Jorgensen (1935) and Balls and Hale (1936a) that the action of 
oxidizing agents in bread doughs can be explained on the basis of the 
inhibition of proteinase action. According to this theory such charac¬ 
teristics of unoxidized doughs as the pliability, extensibility, poor gas 
retention, and lack of oven spring (generally referred to as “young” 
or “green” doughs) and the small underdeveloped loaf of bread with 
its round, thick-walled cells (“young” or “underdeveloped”) are the 
results of proteinase action. The intensification of these charac¬ 
teristics (production of soft, sticky doughs) on the addition of certain 
reducing agents is explained as being due to the activation of the 
proteinoses or (Balls and Hale, 1936b) to an increased susceptibility of 
the gluten to proteolytic attack. The characteristics of oxidation 
(“age” or “overdevelopment”) in doughs are explained as being the 
result of the inhibition of the proteinases, with a corresponding absence 
of proteolysis. The theory is based on the similarity in the properties 
produced in doughs and in bread by added proteinases and on the fact 
that proteinases of the papain type can be activated by certain re¬ 
ducing agents and inhibited by certain oxidizing agents. The pro¬ 
teinases of wheat flour have been said to be of the papain type (Balls 
and Hale, 1935 and 1938). 

It has been pointed out by a number of workers that the theory of 
the activation of proteinases, as the explanation of the action of re¬ 
ducing agents, does not correspond with the observed action of these 

1 Published with the approval of the Director as paper No. 335. Journal Series, Nebraska Agri¬ 
cultural Experiment Station. 

* Present addtess: Campbell Taggart Research, Kansas City. Missouri. 
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agents in doughs. Ford and Maiden (1938), in comparing the effects 
of glutathione and papain in doughs, showed that glutathione had a 
direct and immediate softening effect on the flour protein and that 
the effect did not increase with time (as it would if it were acting as a 
proteinase activator); while papain had a delayed softening effect 
which increased with time of action. Balls and Hale (1936b) them¬ 
selves show that the action of reducing agents is rapid and complete 
in a short period and that this does not indicate proteolytic activation 
but direct action on the gluten. They then suggest that the protein 
is activated and thus made more susceptible to proteinase action. 
However, this assumption of an activated protein still includes the 
theory that the reduced character of the dough is due to proteinase 
action (on the activated gluten) and accordingly would be little more 
compatible with observed rates of action than the original theory. 

Elion (1943) in his defense of the proteolysis theory appears to 
consider the active proteolytic enzyme only as a detrimental in¬ 
gredient, the detrimental effect of the enzyme being due merely to its 
presence, not to the degradation which it produces in the gluten. 
His discussion seems to imply that on inactivation of the proteinase 
the gluten should also regain its original properties -that is, 11 . . .a 
progressive return of the flour proteinases to their latent or inactive 
state and a progressive decrease of proteolytic activity in the dough 
. . . with a progressive improvement of its quality." It seems to us 
that this view of proteolysis and its inhibition is untenable. 

The literature, pro and con, on this topic and on the general topic 
of oxidation and reduction in doughs has been thoroughly reviewed 
by Sullivan, Howe, Schmalz, and Astleford (1940) and by Shen and 
Geddes (1942). These reviews point out the exceeding complexity of 
the question of the probable action of oxidizing and reducing agents 
in doughs and the inadequacy of our present analytical methods for 
studying these reactiohs. 

It is the purpose of this paper to call attention to some discrepancies 
between the proteinase theory as proposed by Jorgensen and by Balls 
and Hale and the observed action of reducing and oxidizing agents in 
doughs. The characteristic course of the action of oxidation and 
reduction in doughs seems to us to furnish convincing evidence that 
the manifestations of reduction and of oxidation in doughs are not 
due to the activation and inactivation of proteolytic enzymes. It is 
well known that the oxidation of a dough by bromate is slow and is 
progressive over a considerable period of time. If doughs made from 
unoxidized flour are treated with normal quantities of KBrOs (1 to 
2 nig %) the oxidizing action is not noticeable in the dough until after 
a considerable period of fermentation; there is a gradual development 
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of oxidation or gradual disappearance of reduced character. If the 
reduced character is the result of proteolytic disintegration of the 
protein, its disappearance should mean a resynthesis of the gluten 
protein. As compared with the action of KB 1 O 3 , the action of KIO 3 
or NaClC >2 is exceedingly rapid and is noticeable in the dough as it 
comes from the mixer (Sullivan, Howe, Schmalz, and Astleford, 1940; 
Baker and Mize, 1941), although even with these agents there is a 
pronounced increase in oxidation with time. 

Though these points are readily observed in the fermentation and 
baking of unbleached flours and are quite generally known, apparently 
their significance has been overlooked in the proteolytic-inhibition 
theory; accordingly they are included in the experimental work re¬ 
ported in this paper. 

Experimental 

Unbleached second clear flour may be effectively used to illustrate 
the action of naturally occurring proteolytic enzymes and of added 
oxidizing agents, since the reduced character of the untreated dough 
and its response to oxidation are obvious and proteolytic enzymes are 
present in much higher concentration than in the higher-grade flours 
(Cairns and Bailey, 1928). Also the response to oxidation in clear 
flours is not complicated by the gelation of pentosans (Baker, Parker, 
and Mize, 1942). Accordingly, a commercial 15.8% protein second 
clear flour was used for the following series of demonstrations. 

Baking Method 

The micro baking technique used in this study is founded on that 
described by Van Scoyk (1939) as modified in this laboratory by 
Sandstedt and Ofelt (1940). The following formula was used for this 
particular study: 

Flour 25 g (15% moisture basis) 

Salt 1% 

Yeast 3% (Flcischmann) 

Shortening 3 % (Crisco) 

Water 60% 

Sugar was adjusted to fermentation time so that the baked loaves 
had approximately the same residual sugar content. The sugar added 
to the second clear doughs varied from 1.5% for a 1 -hour fermentation 
to 7.2% for a 5-hour fermentation; 8 % sugar was added to the experi¬ 
mentally milled Turkey flour for the 4-hour fermentations (3-hour 
sponge and 1 -hour dough). 

The doughs were given an “optimum” first mix in the National 
micromixer. The sponge doughs were given a one-minute second mix 
which according to dough appearance and handling properties seemed 
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Fig 1 Development of characteristics of oxidation during a short fermentation with unbleached 
second clear flour A with no oxidizing agent, B with 2 mg % bromate, C with 1 l A mg % chlorite 



Fig 2. Development of characteristics of oxidation during a 3-hour fermentation period 
Flour and oxidation as In Figure 1. 
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Fig. 3. Development of the characteristics of oxidation m 100% sponge doughs. Flour and 
oxidation as in Figure 1. Oxidizing agents added at first mix. 



Fig. 4. Reversal of characteristics of natural reduction by oxidation. 100% sponge doughs with 
oxidizing agent added at the second mix. Flour and oxidation as in Figure 1. 

to be “optimum” and was sufficient to give a uniform distribution of 
the oxidizing agent through the dough. 

The doughs were punched and molded by sheeting through the 
National sheeter and rolling into a loose roll. Proofing was to 6.S cm 
height in the tail-form pans. 

The doughs and loaves shown in Figures 1 to 4 illustrate the 
characteristic progress of oxidation—the slow action of KBrOg and the 
rapid action of NaC10 2 . The doughs of Figure 1 were photographed 
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after a fermentation of t% hours at 30°C, and the loaves were baked 
from doughs having a corresponding total fermentation: 1 hour fer¬ 
mentation plus proof (approximately 45 minutes). Loaf A had no 
oxidizing agent added, B 2 mg % KBrOs, and C V /2 mg % NaCIO*. 
It is seen that the unoxidized dough and bread had pronounced 
characteristics of reduction; according to the J0rgensen-Balls and Hale 
theory these are the results of proteinase action. However, the dough 
and corresponding bread oxidized by KBr0 3 also showed these same 
effects so, according to theory, the KB 1 O 3 had not appreciably in¬ 
hibited proteolysis. On the other hand, the dough and bread con¬ 
taining NaClOa showed very marked effects of oxidization, or according 
to theory, lack of proteolysis. 

The doughs and loaves shown in Figure 2 show the effects of fer¬ 
mentation for an additional 2 hours, corresponding to the usual 3-hour 
fermentation and proof. The doughs shown were punched at the end 
of the first 2 hours and then allowed to rise 1% hours for the dough 
pictures; the loaves were baked from doughs having the usual A.A.C.C. 
punching treatment. It is seen that the unoxidized dough and corre¬ 
sponding loaf still showed reduced character—though not as strongly 
as at 1M hours. The KBr0 3 oxidized dough and loaf now showed 
considerable oxidation. If these oxidized characteristics were brought 
about by inhibition of proteolysis, the proteinase which produced the 
reduced characteristics of the corresponding dough and loaf in Figure 1 
(B) must not only have been inhibited but its action must have been 
reversed by the extension of fermentation. It seems highly im¬ 
probable that proteolytic decomposition could be so readily reversed 
by oxidation. The NaC102 loaf at this stage showed evidence of 
overoxidation. 

Since the reduced characteristics developed in the unbleached clear 
flour doughs were reversed by the action of bromate, it might be in¬ 
formative to extend the time of action of the naturally occurring 
proteinases and reducing agents beyond the period allowed by the 
slow action of the bromate. This may be conveniently accomplished 
by the use of 100% sponge doughs (all of the flour in the sponge), 
adding the oxidizing agent at the second mix. 

Figure 3 shows the effect of remixing the doughs at the end of 
the 3-hour fermentation and giving an additional 25 minutes’ recovery 
before molding; i.e., the loaves were baked from 100% sponge doughs 
with a 25-minute dough time. In this case, all ingredients, including 
the oxidizing agents, were added at the first mix; accordingly these 
loaves were comparable to those shown in Figure 2. The charac¬ 
teristics of the loaves were not materially changed except for a finer 
grain in the oxidized loaves. 
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The loaves shown in Figure 4 were produced from 3-hour 100% 
sponge doughs with a 2-hour dough time, the oxidizing agent being 
introduced at the second mix. Loaf A received no oxidizing agent, B 
was given 2 mg % of bromate, and C V/<l mg % of chlorite. It is 
obvious that the 3-hour action of natural proteinases and reducing 
agents was completely reversed by the subsequent action of the 
oxidizing agents. This is a strong indication that even the relatively 
large quantity of proteolytic enzymes reported to be present in clear 
flours is of little consequence in baking 

If the reduced character of the unoxidized loaves in this series of 
bakes was due to proteolysis, it seems that this character should have 



big S Lffett of subsequent oxidation on natuial reduction of an unbleached high protein patent 
flour 100% sponge dough A with no oxidizing agent. B with 1 mg % NaClOi added at the 
second mix 

become progressive!) more pronounced with increased fermentation 
(Shen and Geddes, 1942). It is seen that instead of the reduced 
character becoming intensified with time of fermentation, it became 
less pronounced (compare loaves in Figs. 1, 2, 3, and 4) and, if the 
proteolysis theory were accepted, the surprising conclusion would be 
that there was less proteolysis during the long fermentation than during 
the short fermentation. 

Loaf C (Fig. 4) showed definite indications of overoxidation. 
Freilich and Frey (1939) point out that the action of bromate “goes 
beyond any point at which it might be explained as due to retardation 
of proteolytic activity/’ Certainly it seems strange that a deficiency 
of proteolysis may be created in a dough which had undergone too 
much proteolysis before the inhibiting agent was introduced. 
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These studies involved only the naturally occurring proteolytic 
enzymes and naturally occurring reducing agents of flour. To throw 
more light on the action of reducing agents and proteolytic enzymes 
in doughs, further studies were made to compare the action of added 
papain and reducing agents. A composite of a number of high- 
protein, experimentally milled, unbleached patent Turkey wheat 
flours was used for this study. A high protein (14%) was chosen in 
order to obtain unmistakable differences in the character of loaves 
produced by the various treatments, and 100% 3-hour sponge doughs 
were used so that reducing agents or papain could be added at the 
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Fig 6 Effect of subsequent oxidation on reduced characteristics produced by Na*SOa A and B 
given 12 mg % NasSOa and C and D given 16 mg % NasSOi at the first mix, B and D given optimum 
oxidation at the second mix Compare with h igure 5 


first mix and allowed to act on the dough for a period of time before 
the oxidizing agent was introduced. A 1-hour dough time was allowed 
after the second mix, giving the oxidizing agent (added at the second 
mix) one hour plus the proof time in which to act. 

The loaves shown in Figure S were the check loaves for this series 
of bakes. Loaf A, being the negative check, had no reducing or 
oxidizing agents added. Loaf B was given optimum oxidation at the 
second mix. This is the standard for comparison of all optimally 
oxidized loaves produced by various treatments. The optimum oxida¬ 
tion was determined by a series of bakes, varying the NaC10 2 added 
by 0.5 mg % steps; the loaf showing the greatest volume combined 
with good characteristics was taken as the optimum. 

Figure 6 shows the effect of allowing a reducing agent to act on 
the doughs for a 3-hour period. Twelve mg % NajSOj was added at 
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the first mix to the doughs from which loaves A and B were baked. 
A received no oxidizing agent at the remix while B received 4 mg % 
NaClOj (optimum). Loaves C and D were given 16 mg % Na s SOa at 
the first mix; C no oxidation; D 5 mg % NaC10 2 at the remix. The 
increase in reduced character produced by the Na s S0 3 may be seen 
by comparing loaves A and C with loaf A of Figure S. That the 
effects of the sulfite addition were reversed by the subsequent oxidation 
may be seen by comparing loaves B and D with loaf B of Figure 5; 
seemingly the action of the added reducing agent had produced no 
irreversible detrimental effects. 



frig 7 Reduction with 16 mg % glutathione with subsequent oxidation A with no oxidation 
B with 5 mg ( ' 0 NaClOi at second mix. Compare with frigure 6, 


The characteristics produced by glutathione are similar to those 
produced by reduction with Na 2 S0 3 and are also reversible by oxida¬ 
tion. This similarity is illustrated by the loaves shown in Figure 7. 
These were baked from dough which had been treated with 16 mg % 
glutathione at the first mix. Loaf A was the unoxidized check while 
loaf B was oxidized with 5 mg % NaC10 2 at the second mix. Under 
these baking conditions the 16 mg % of glutathione had a reducing 
action comparable to 16 mg % Na 2 S0 8 (loaf C, Fig. 6). This approxi¬ 
mately equal quantitative relationship would not be expected to hold 
for other samples of glutathione with more reduced or less reduced 
character. However, on oxidation the glutathione-treated dough 
(loaf C, Fig. 7) produced a larger loaf than could be produced by 
oxidation of sulfite-treated doughs (loaf C, Fig, 6) or by oxidation of 
the untreated dough (loaf B % Fig. 5), indicating that oxidized gluta- 
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thione might be a better dough improver than some other oxidizing 
agents (Ziegler 1940). 

The above experiments have shown that reduction in doughs may 
be reversed by oxidation and that the naturally occurring proteolytic 
enzymes of a second clear flour produced no perceptible irreversible 
degradation. How does the action of added papain (added in quantity 
to produce the same reduced appearance in the bread as was produced 
by the reducing agents used in the above experiments) compare with 
these observations? 

The loaves shown in Figure 8 were all produced from doughs in 
which papain was added at the first mix In preliminary experiments 
it was found that the addition of 2.0 mg % of the particular sample 



Fig 8 Effect of subsequent oxidation on papain treated doughs A and B were given 2 mg * f 
and C and D3mg% papain at the first mix B and D were given optimum oxidation at the second mix 
Compare with Figure 6 


of papain which we were using produced loaf characteristics similar to 
those obtained from the use of 12 mg % of Na 2 SOa and that 3.0 mg % 
produced characteristics similar to those produced by 16 mg % of 
Na 2 SOa. Loaves A and B of Figure 8 were produced from doughs 
which had been treated with 2 mg % of papain at the first mix, loaf A 
being the check which was not oxidized \yhile loaf B was given 4 mg % 
NaC10 2 at the remix. Loaves C and D were from doughs treated with 
3 mg % papain at the first mix, loaf C being the check with no oxidation 
while D was given 5 mg % NaC10 2 . Loaves B and D were the largest 
loaves that we were able to produce by subsequent oxidation from 
these papain-treated doughs. By comparing loaf A of Figure 6 with 
loaf A of Figure 8, and loaf C of Figure 6 with loaf C of Figure 8, it 
may be noted that the papain-treated doughs gave characteristics that 
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could easily lead one to conclude that proteolysis and reduction were 
identical in effect. However, it is seen that the proteolysis which 
occurred in the papain-treated loaves could not be reversed by oxida¬ 
tion; i.e ., though the characteristics due to reduction and proteolysis 
appeared to be quite similar, the reduction could be reversed while 
the proteolysis could not. Comparing loaves B and D of Figure 8 
to loaf B of Figure 5, it is seen that papain caused a loss in the maximum 
volume obtainable from this flour by oxidation. 

While proteolysis and reduction produce characteristics in doughs 
and bread that are visually indistinguishable, they have a decidedly 
different action on the gluten proteins. Since no perceptible irre¬ 
versible effect of proteolysis was found in the second clear doughs, we 
conclude that even the relatively large quantity of naturally occurring 
proteolytic enzyme present in the second clear flour (as compared to 
that present in normal patent or straight flours) was present in such 
small amounts as to be of no significance in baking. 

Summary 

The action of the reducing agents naturally occurring in flour may 
be reversed by subsequent oxidation. This is considered as evidence 
that the reduced character of doughs and bread made from unoxidized 
flour is not due to proteolysis. Moreover it indicates that even the 
relatively large quantity of proteinase reported to be present in clear 
flours (as compared to normal patents and straights) produces no 
perceptible irreversible degradation. 

The action of reasonable quantities of added reducing agents is 
also shown to be reversible by subsequent oxidation. Degradation 
of the gluten proteins by papain (added in quantity to produce 
similar reduced appearance in the bread as was produced by the 
added reducing agents) was not reversible by subsequent oxidation. 
Accordingly, though proteolysis and reduction produce characteristics 
in doughs and bread that are visually indistinguishable, they do not 
have identical modes of action on the gluten. 
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ANGEL FOOD CAKES MADE FROM FRESH AND 
FROZEN EGG WHITES 1 

Elsie Lee Miller and Gladys E. Vail 

(Received for publication January 15, 1943) 

Increased production of frozen eggs for human consumption during 
the last few years indicates a growing interest in their use. Prescott 
and Proctor (1937) have predicted that people now living will see the 
day when the housewife will buy frozen eggs for most culinary uses. 
Improved methods of freezing and storing these eggs have aided greatly 
in making them available for general use. 

Sweetman (1937) states that the nutritive value of eggs does not 
change with freezing, and experiments show frozen eggs to be as satis¬ 
factory as fresh eggs in most food mixtures. Bakers, food manufac¬ 
turers, and others who use large quantities of eggs have found the 
frozen product more convenient to use, more uniform in quality, better 
adapted to large-scale usage, and more economical, on the whole, than 
fresh eggs. 

The quality of frozen eggs depends upon the fresh eggs from which 
they are made, upon the method of freezing, and the care taken in the 
freezing and storing of the finished product. Frozen eggs retain their 

1 Contribution No. 113 N. S., School of Home Economics, Kansas State College of Agriculture and 
Applied Science. Condensed from the thesis presented by Elsie Lee Miller in partial fulfillment of the 
requirements for the Degree of Master of Science, May, 1942. 
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original quality for long periods of time if held at sufficiently low tem¬ 
peratures, but special care must be exercised during and after thawing. 
LeClerc and Bailey (1940) recommended that frozen whites be held at 
refrigerator temperature until entirely thawed, then thoroughly mixed 
to combine the solids and the fluids. 

Lowe (1940) found that angel food cakes made from frozen whites 
were as good in every respect as those made from fresh whites. Al¬ 
though considerable work has been done on the whipping of fresh egg 
whites and their use in angel food cakes and some work has been done 
with frozen whites, there are still numerous unanswered questions. 
Commercial producers of frozen eggs may or may not treat the egg 
whites prior to freezing, to alter their viscosity. Some companies are 
marketing both thick and thin frozen whites. In recent years con¬ 
siderable interest has been shown in the relative whipping quality of 
thick and thin egg whites and studies have been made of these two 
types, both as obtained by separating the individual whites into the 
two portions and by using eggs of various ages. 

Egg whites, when beaten, form a foam which consists of many 
small air bubbles surrounded by protein film. The ability of egg 
whites to form a foam is due to the low surface tension of the whites 
and to the stability of the surface films. When egg whites are beaten 
the coagulation of the protein is one of the results of the mechanical 
agitation and it is this which gives rigidity to the foam structure. 

Rahn (1932) stated that in order to have a stable foam it is neces¬ 
sary to have in the solution colloids which concentrate in the surface 
as a result of the lowering of surface tension and then solidify readily. 
He believed that egg albumin behaves like other typical foam sub¬ 
stances and conforms to the accepted theories of foam stability. 

The authors of Eggs and Egg Products (U. S. Dept. Agr., 1941) ob¬ 
served that the whipping quality of egg whites seemed to vary with 
the viscosity or with the quality of fluid white that they contain. The 
more viscous the white, the longer it took to form a foam. The result¬ 
ing foam had less volume but greater stability than that formed from 
thinner whites. 

St. John and Flor (1931)‘stated that the very firm white took longer 
to beat because it was apparently necessary to break up the gross 
colloidal structure before air could be incorporated. The resulting 
foam not only had less volume but was also more pasty and less fluffy 
than foams,obtained with thinner whites. ^ 

Almquist and Lorenz (1932) suggested that the firm white is com¬ 
posed of a fine, fiber network of pure ovomucin in which is entrapped 
the ordinary liquid white. As the carbon dioxide escapes, the fibers 
break up and can no longer entrap the liquid white. These workers 
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(1933) considered the difference between firm and liquid whites to be 
one of structure and not of water content, and Holtz and Almquist 
(1931) showed that the total solids content of the thin egg white is 
equal to that of the firm white. 

St. John and Flor (1931) and others have stated that a low viscosity 
increases the ease with which a foam may be formed but Barmore 
(1934) demonstrated that “ the specific gravity of the foam was directly 
proportional to the viscosity of the egg white draining from that foam.” 
Barmore believed that “as the viscosity is reduced the beater is able 
to tear the liquid into thinner and thinner liquid layers that then entrap 
the air.” This worker also observed that the decrease in viscosity 
resulting as the period of beating increased was further evidence that 
the thick egg white is composed of a fine fiber network of protein, en¬ 
trapping the ordinary liquid and that beating probably tears up the 
fibers and destroys the structure. 

St. John and Flor (1931) recommended that egg whites be at a 
temperature of 60° to 70°F before beaten and workers in the Wilson 
and Company laboratories (1939) found that the best foams were pro¬ 
duced at whipping temperatures of 70° to 80°F. St. John and Flor 
(1931) believed their results with different beating temperatures were 
due, at least in part, to the effect of temperature upon the consistency 
of the whites. They found that both the thick and thin portions of 
the white were relatively thicker at lower temperatures and that air was 
incorporated with greater difficulty. The statement is made in Eggs 
and Egg Products (U. S. Dept. Agr., 1941) that “ the temperature of the 
egg white affects the speed with which the foam is formed and the 
volume obtained.” The reason given is that with an increase in tem¬ 
perature there is a decrease in the surface tension of the egg whites; 
the result is that eggs at room temperature beat more readily than those 
taken directly from the refrigerator. 

The purpose of this $tudy was to determine the best temperatures 
for whipping fresh and frozen whites for angel food cakes, to determine 
the most satisfactory baking temperature for cakes made from these 
different whites, and to compare the quality of angel food cakes made 
from fresh and frozen eggs. 


Method 

The work was divided into two series of experiments. In Series I, 
a study was made of the effect of different beginning beating tem¬ 
peratures of the egg whites on the quality of angel food cakes. In 
Series II, the effect of different baking temperatures was determined. 

Series I: Sixty angel food cakes were made with 4 beginning beating 
temperatures: 40°, 50°, 60°, and 70°F. Five cakes were made with 
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each of the beginning beating temperatures from each of three kinds 
of egg whites. In order that the results might be carefully checked, 
six cakes were baked each day, two from each of the three types of egg 
whites. All cakes of the first series were baked at 350°F for 40 minutes. 

Series II: Seventy-five cakes were baked at 5 different baking tem¬ 
peratures and times: 350°F for 40 minutes, 375°F for 35 minutes, 400°F 
for 30 minutes, 425°F for 25 minutes, and 450°F for 21 minutes. The 
same three types of egg whites were used as in Series I. Five cakes 
made from each of the three types of egg whites were baked at each 
of the five baking temperatures. 

The ingredients for each series were as nearly identical as possible. 
The only ingredient varied throughout the study was the egg whites. 
The three types of egg whites used were: No. 1 fresh, thick frozen, and 
thin frozen. 

A recipe and a method of mixing angel food cake on an electric 
mixer, developed at Kansas State College, were used. The cakes were 
baked in ovens equipped with thermostatic heat controls. 

The following determinations were made: temperature of the foam 
and batter; specific gravity of the foam and batter (Platt and Kratz, 
1933); volume of batter; area of a slice of cake as an index of volume 
(Platt and Kratz, 1933); percentage loss of weight during baking; com¬ 
pressibility, elasticity, and tenderness of the cake (Platt and Kratz, 
1933) ; and the quality as judged by a palatability committee. 

Results and Discussion 

A summary of the results using different beginning beating tem¬ 
peratures is given in Table I. All three types of egg whites were found 

TABLE I 

Ml\n Results for Cakes Made i rom Egg Whites of 
Different Temperatures (Series I) 


T emperature 
of egg 
white 

Volume 

of 

batter 

Area of 
slice of 
cake 

Compress¬ 

ibility 

Elasticity 

Tenderness 

Penetra¬ 

tion 

Paya¬ 

bility 

score 1 

°F 

cc 

sq cm 

mm 

mm 

* 

cm 


40 

2506 

73.9 

9.3 

2.5 

67.2 

4.4 i 

49 

50 

2555 

77.1 

9.5 

2.6 

65.1 

4.2 

48 

60 

2651 

80.2 

9.3 

2.8 

67.5 

4.3 ! 

49 

70 

2788 

80 7 

86 

2.9 

62.4 

4.4 

51 


1 Possible score, 70 points. 


to whip better at 70°F than at other temperatures tried. Whites 
whipped at this temperature produced good foams which remained 
quite stable. All of the cakes were more tender and of better texture 
when they were made from whites whipped at 70°F. Cakes made from 
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whites whipped at 40°F were more compact and much smaller in vol¬ 
ume than those from whites whipped at the higher temperatures. 
Some difference in color was noted in the cakes made from whites of 
different beginning beating temperatures. When the whites were at 
70°F before beating, the resulting cakes were more nearly white than 
those made from the same kinds of whites whipped at lower tempera¬ 
tures. The results obtained agree with those of other workers who, as 
has already been discussed, have shown that up to a certain point an 
increase in temperature resulted in improved whipping quality of both 
thick and thin egg whites. This may be due to the fact that as the 
temperature increases up to 70° or 80°F, the whites become thinner 
and the surface tension decreases. 

The thin frozen whites whipped more quickly than the thick frozen 
ones, but both types shipped more quickly than the fresh whites. 
There appeared to be a greater amount of leakage from the foams of 
the fresh than from either type of frozen whites. There was little 
leakage from the foams of the thin frozen whites when whipped at 
70°F. The average results for the cakes made from the three types of 
egg whites in Series I are given in Table II. At all four beginning 


TABLE II 

MrAN Rfsllts tor Cakfs Madf from Thru Types of 
Egg Whites (Sfrif.s I) 


1 ype of egg 
whites 

Area of slice 
of cake 

C om pressi 
bihtv 

Flas 

tuitv 

Tender 

ness 

Penetra 

tion 

PalatabUity 

score* 


sq cm 

mm 

mm 

R 

cm 


Fresh 

75 4 

93 

2 7 

63 9 

43 

49 

Thick frozen 

75.8 

84 

2 8 

76 1 

40 

49 

T hm frozen 

82 7 


2.6 

56 8 

4.9 

49 


* Possible score, 70 points 


beating temperatures the thin frozen whites produced the greatest 
volume of finished batter and the largest baked cake, but the difference 
was greatest when the whites were beaten at 70°F. Cakes made from 
the thick frozen whites had the second greatest volume and those 
from the fresh whites slightly less. 

A possible explanation for the results with thin frozen whites may 
be found in Barmore’s work (1934), which showed that beating tears 
up the fiber structure of the egg white, thus reducing the viscosity at 
the same time that the foam is being formed. And Almquist and 
Lorenz (1932) have shown that in the absence of sufficient COa the 
fibers of the firm white break up, thus giving a thinner white. It seems 
probable then that thin frozen whites resulting from mechanical treat¬ 
ment or from changes brought about by allowing the egg whites to 
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“age*’ either by natural or artificial methods would beat to a greater 
volume and in less time than would the more viscous whites. 

The results, obtained with various baking temperatures, are sum¬ 
marized in Table III. Volume, as indicated by the area of a slice of 
cake, increased with increase of baking temperature up to 425°F. At 
450°F there was a definite loss of volume. As is shown in Table III, 
the cakes baked at 400°F had the greatest compressibility and were 
given the highest score by the palatability committee but were defi- 

TABLE III 

Mean Results for Cakes Baked at Different Temperatures (Series II) 


Baking 

tempera¬ 

ture 

Area of 
slice of 
cake 

Percentage 
loss during 
baking 

Compressi¬ 

bility 

Elasticity 

Tenderness 

Penetra¬ 

tion 

Palata¬ 

bility 

score 1 

°F 

sq cm 

% 

mm 

mm 

g 

cm 


350 

82.5 

43.1 

9.0 

4.0 

68.1 

4.3 

49 

375 

84.5 

36.7 

9.0 

3.8 

72.6 

4.2 

48 

400 

87.7 

33.3 

9.3 

3.9 

71.7 : 

4.5 

51 

425 ! 

90.9 

32.9 

9.1 

3.6 

63.4 

4.6 

50 

450 

83.1 

30.6 

8.6 

3.2 

66.7 ! 

4.5 

44 


1 Possible score. 70 points. 


nitely less tender than some of the other cakes. Cakes baked at 425°F 
were most tender and rated high both in compressibility and in palata¬ 
bility score. There was a decrease in the percentage loss in weight in 
baking with the increase in baking temperature. Cakes baked at 
350°F lost 43.1% in weight, whereas those baked at 450°F lost only 
30.6%. This was evident in judging the cakes, for those baked at the 
higher temperatures were more moist; in fact, many of the cakes baked 
at 450°F were so moist as to be almost soggy. There was no great 
variation in the color and flavor of the cakes baked at the different 
temperatures. 

The results obtained with different baking temperatures would ap¬ 
pear to substantiate the statement by Barmore (1935) that higher 
baking temperatures for angel food cakes do not decrease the tender¬ 
ness because the internal temperatures of the cakes change very little 
with changes in baking temperatures. Lowe (1937) and Burke and 
Niles (1936) have reported that better cakes were produced when baked 
at 350°F as compared with 325°F, a temperature often recommended 
but lower than any used in this study. At the higher temperature 
these workers obtained larger cakes, which were more moist and tender. 
Work in the laboratories of Wilson and Company (1939) indicated that 
temperatures of 425°F to 450°F produced angel food cakes of better 
quality and greater volume than cakes baked at lower temperatures. 
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Table IV shows that in Series II, as in Series I, the thin frozen 
whites produced cakes of greatest volume, compressibility, and tender¬ 
ness. In Series II the score of the palatability committee indicates a 
preference for the cakes made from the fresh egg white. This was in 

TABLE IV 

Mean Results for Cakes Made from Three Types of 
Egg Whites (Series II) 


Type of egg 
whites 

Area of slice 
of cake 

Compressi¬ 

bility 

Elas¬ 

ticity 

Tender¬ 

ness 

Penetra¬ 

tion 

Palatability 

score 1 


sg cm 

mm 

mm 

* 

cm 


Fresh 

85.5 

8.9 

3.6 

70.2 

4.4 | 

50 

Thick frozen 

84.0 

8.8 

3.8 

73.9 

4.3 

48 

Thin frozen 

88.0 

9.4 

3.8 

61.8 

4.5 

48 


1 Possible score, 70 points. 


part due to the more acceptable flavor of these cakes. This difference 
was not noted in the cakes of the first series, which were made a year 
before but which used the same brand and grade of whites. 

Summary 

A beginning beating temperature of 70°F and a baking temperature 
of 400°F for 35 minutes or of 425°F for 30 minutes produced the most 
desirable angel food cakes with fresh, thin frozen, and thick frozen egg 
whites. Both the thin frozen and the fresh whites produced cakes of 
high quality with similar characteristics but those made from the thick 
frozen whites were less desirable. 
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CHEMICAL FACTORS AFFECTING THE BAKING QUALITY OF 
DRY MILK SOLIDS. HI. THE EFFECT OF SEVERAL 
MILK FRACTIONS ON LOAF VOLUME 1 


H. A. Harland , 2 U. S. Ashworth, and N. S. Golding 

Division of Dairy Husbandry, Agricultural Experiment Station, Pullman, Washington 
(Received for publication April 21. 1943) 


The baking quality of dry milk solids has been greatly improved as 
the result of the investigations of Greenbank et al (1927), Grewe and 
Holm (1928), and Skovholt and Bailey (1931). These workers found 
that the baking quality of the dried product was enhanced by heat 
treatment of the fresh skim milk. Heat treatment is now a general 
practice when the dry milk solids are to be used in bread making. 

Many studies have been made on the effect of heat treatment on 
the baking quality of dry milk solids. If the reason for the improve¬ 
ment in baking quality, following heat treatment, could be established 
and associated with a definite fraction of the skim milk, it might aid 
in determining what factors are responsible for the variability in the 
baking quality of heat-treated dry milk solids. 

Stamberg and Bailey (1942) used the Heyrovsky micropolarograph 
to show that unheated fresh skim milk contains sufficient sulfhydryl 
groups to cause definite softening of dough. They found that boiled 
milk had no measurable amount of sulfhydryl groups. The dough¬ 
softening factors in the unheated fresh milk were in the whey portion, 
as shown by means of the farinograph. The tests were made on 
wheys prepared from fresh skim milk by both the acid and rennet 


1 Scientific Paper No. 554, College of Agriculture and Agricultural Experiment Station. State 
College of Washington. «■> 

* American Dry Milk Institute Research Grant and in cooperation with the Washington State 
Dairy Products Commission. 
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precipitation methods and the same results were obtained in each case. 
However, no baking tests were reported on the various fractions of 
fresh skim milk or dry milk solids. 

The goal of this problem is to find the fraction or fractions of the 
skim milk which are responsible for variations in baking quality. 
Were such found, it appears logical to expect that a test could be de¬ 
vised that would replace the present slow and relatively uncertain 
baking test for the elimination of the few lots of poor-baking dry milk 
solids now being made. 


Materials and Methods 

The dry milk solids were obtained from certain Northwest Wash¬ 
ington plants that use the spray process. The baking quality of these 
samples was determined for commercial grading at the baking labora¬ 
tory of the Consolidated Dairy Products Co., Seattle, Washington. 
The samples were selected to represent good and poor baking. Fresh 
skim milk was obtained from a Grade A supply of pasteurized milk. 
Both unheated and heat-treated skim milk were used. In the early 
work (Table IV), a heat treatment of 82°C for 45 minutes was used, 
and in the remainder of the work the heat treatment was 90~95°C for 
5 minutes. The milk fractions were all prepared from the above- 
mentioned source of milk. 

Acid whey was prepared by the slow addition of dilute hydrochloric 
acid (1 volume of concentrated cp HC1 in 9 volumes of water) to 
rapidly stirred skim milk at 35°C until a pH of 4.65 was recorded by a 
meter equipped with a glass electrode. The mixture was left for 30 
minutes to precipitate and the whey decanted through a filter paper. 
The filtrate was then adjusted to pH 6.5 with 4N sodium hydroxide. 
When concentrated whey was used, the technique of Palmer (1934) 
was followed. Renqet whey was prepared by the addition of 0.2 ml 
of Hansen’s cheese rennet to 750 ml of the skim milk at 35°C. The 
milk was left for 30 minutes to clot and the curd cut to facilitate the 
expulsion of the whey. The curd was then strained off and the whey 
filtered to remove fine particles. 

Casein was prepared for the baking tests by acid precipitation from 
fresh skim milk, also at pH 4.65. The separated curd was washed 
twice by decantation with an excess of cold water and redispersed in 
water by the addition of a minimum amount of 4iV sodium hydroxide. 
The casein was immediately reprecipitated, washed as before, and 
again dispersed with the sodium hydroxide in about half the amount 
of water. The alkaline casein solution was immediately cooled to 
about 0°C and the pH adjusted to 6.5 by the slow addition of the 
previously mentioned dilute hydrochloric acid while the solution was 
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rapidly agitated with an electric stirrer. While the casein solution 
was held at about 0°C, the nitrogen concentration was determined and 
the amount of casein in the solution calculated for the baking test. 
The sodium chloride concentration of this solution was determined in 
order that the necessary corrections could be made on the salt used in 
the baking formula. 

For dialysis of the milk and milk fractions, a cellophane tubing 
11-inches in diameter, obtained from the Central Scientific Company, 
was found to be satisfactory. The dialysis apparatus was similar to 
the equipment described by Lampitt and Bushill (1933). The cello¬ 
phane tubing, tied at one end and mounted in rubber at the other, was 
suspended in a specially designed glass cylinder so that distilled water 
could be rapidly circulated around the dialysis sac. The dialysis 
was complete in 48 hours as shown by the absence of reducing sugars. 


TABLE I 

Formulas and Baking Methods 



Method 1 : 
Hard-wheat, highest 
patent, high-baking- 
strength flour 

Method 2: 

Hard-wheat, highest 
patent, medium-baking- 
strength flour 

Formula 

Flour 

100 g 

100 g 

Salt (NaCl) 

1.5 

1.5 

Sucrose 

3.5 

4.0 

Yeast 

3.0 

3.0 

Shortening 

0.0 

2.0 

Water and milk fractions 

Variable 

Variable 

Mixing time (Swanson mixer) 

2 min 

2 min 

Fermentation time 

180 min (30°C) 

125 min (30°C) 

Proofing time 

55 min (30°C) 

55 min (30°C) 

Molding methods 1 

Hand (3rd ed. CLM) 

Hand (4th ed. CLM) 

Type o! pans 

Baking time 

Low form 

Low form 

25 min (232°C) 

25 min (232°C) 

Weight per loaf 

150 g dough 

90 g flour 


1 CLM refers to Cereal Laboratory Methods. 


Since a concentrated dialysate of the skim milk could not be recovered, 
an ultra-filtration method was used to obtain the dialysate material. 
For this work a suitable length (approximately 21 cm) of the cello¬ 
phane tubing was mounted in rubber and placed in a liter suction fiask. 
The air pressure in the flask was reduced by approximately 100 mm 
of mercury and the distended sac filled with the milk to be filtered. 
The ultra-filtrate was obtained during 48 hours. The ultra-filtration 
and dialysis, with the exception of the work shown in Table VI, was 
done in a cold room at 4°C to prevent fermentation. The high lactose 
content of the concentrated whey made it desirable to dialyze it against 
tap water at 1S°C for 24 hours before completing the dialysis another 
24 hours at 4°C. 
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The baking methods followed were, in the main, those outlined in 
Cereal Laboratory Methods (1935, 1941), but certain modifications were 
necessary. The details of the methods employed are given in Table I 
and the method used is stated in each table concerned. 

Experimental 

The data in Table II show the amount of nitrogenous substances 
found in several of the fractions used for baking. The results show 
that the ultra-filtrates from fresh skim milk and dry skim milk each 
have a nitrogen value similar to that of the corresponding dialysate. 
Because of the removal of approximately 78% of the nitrogen by the 


TABLE II 

Nitrogen Distribution in Milk Fractions 




Percent of total nitrogen 


Milk fraction 

Non¬ 

dialyzable 

Dialyzable 
(by difference) 

Ultra 

filtrate 

Rowland's (1938) 
for nonprotem 

Dry milk solids 

94.0 

6.0 

5 5 

— 

Fresh skim milk 

95.2 

4.8 

5 1 

5.0 

Fresh skim milk whey 
(acid method) 

77.5 

22.5 


23.0 


acid precipitation of the casein from the whey, the dialyzable fraction 
of the whey would be expected to be about five times as great as that 
from the fresh skim milk. The data show that the distribution of 
nitrogenous substances in the whey is approximately in this proportion. 
The values in Table II were not determined from a sufficient number 
of samples to assure representation of all milks, but they are repre¬ 
sentative of this work. It may be noted that Rowland’s (1938) values 
for nonprotein nitrogen are approximately the same as those from the 
dialyzable fraction. The ultra-filtrate from both the dry milk solids 
and the fresh skim milk failed to give a positive Biuret test for proteins. 
Thus it is evident that little if any proteose or peptone material passed 
through the cellophane membrane. 

The average volumes of the loaves made from samples of good and 
poor dry milk solids are shown in TabJe III. The results show a 
highlv significant difference in loaf volume between those that baked 
well and those that baked poorly. The dialyzable fractions from good 
and poor dry milk solids, when used in the bread formula, produce 
loaves of practically the same volume. The poor-baking factor, which 
accounts for the low loaf volumes, is thus shown to be in the non- 
dialyzable fraction. The extent of the reduction in volume of the 
loaves by the nondialyzable fraction over that of the dialyzable fraction 
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for good and poor milks is 14 and 52 cc, respectively. This is further 
evidence that the poor-baking factor is definitely associated with the 
nondialyzable fraction. 

TABLE III 

A Comparison of the Average Volumes of the Loaves Baked (Method 1) 
from the Good and Poor Baking Dry Milk Solids (DMS) 


Milk fraction 


Good milks 1 Poor milks 1 Difference 


6% DMS 

(a) Nondialyzable fraction of DMS 

(b) Dialyzable fraction of DMS 
(b-a) 


cc cc cc 

603 ± 5.6 579 ± 5.0 24* 

596 ± 4.1 562 ±4.7 34* 

610 ±6.4 614 ±4.9 4 

14 52* 


1 Average of four milks, duplicate bakes, 2 loaves per bake. 

* These values he beyond the 1% level of significance. 

The effects of heat treatment on the volumes of loaves baked with 
fresh milk fractions are shown in Table IV. Heat treatment resulted 
in a highly significant increase of 56 and 51 cc for the volumes of the 
controls and nondialyzable fraction, respectively. The heat treatment 
had practically no effect on the dialyzable portion of the milk. The 
poor-baking quality is again shown to be in the nondialyzable fraction. 


TABLE IV 

Eiffct of IIfai Treatment on the Volumes of Loaves Baked (Method 1) 
wmi Fresh Milk Fractions 


Milk fraction 

No. of bakes 

Unheated 

No. of bakes 

Heated 

Difference 

Skim milk (controls) 

9 

cc 

576 ± 2.3 

4 

cc 

632 ± 4.7 

cc 

56* 

Nondialyzable fraction 

3 

555 ± 5.0 

4 

606 ± 5.5 

51* 

Dialyzable fraction 

4 

697 ± 2.7 

4 

689 ± 3.6 

8 


* 1 hcse values lie beyond the 1 ( o level of significance. 


The data thus far presented show that the poor-baking factor of the 
milk is associated with the nondialyzable fraction. The nondialyzable 
fraction contains the casein, lactalbumin and lactoglobulin, the in¬ 
soluble salts, enzymes, and cellular constituents. The nondialyzable 
fraction of the skim milk was divided as follows: 

Rennet whey—casein precipitated from the skim milk by rennet at pH 6.6. 

Acid whey—casein precipitated by acid at pH 4.65. 

Casein, precipitated from the skim milk by acid, which can be washed and redispersed 
by sodium hydroxide. 

The removal of the soluble materials from the whey fractions was ob¬ 
tained by dialysis. The effect of including these fractions in the baking 
formula was studied. 
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The baking quality of acid and rennet wheys, both heated and 
unheated, is shown by the results of the baking tests in Table V. 
These results show a highly significant heat-labile factor in both the 
rennet and acid wheys, which appears slightly greater in the former. 


TABLE V 

Effect of Heat Treatment on the Volume of Loaves* Baked (Method 1) 
with Acid and Rennet Wheys from Fresh Skim Milk 


Milk fraction 

No. of bakes 

Unheated 

No. of bakes 

Heated 

Difference 



CC 


cc 

cc 

Rennet whey 

3 

578 ± 6.7 

3 

632 ± 6.8 

54* 

Acid whey 

3 

577 ± 7.5 

3 

619 ± 3.6 

42* 


* These values lie beyond the 1 % level of significance. 


However, these data show no significant difference between the two 
wheys. Concentrated whey, both dialyzed and undialyzed, was 
tested for its effect on baking. The results, shown in Table VI, show 
a highly significant heat-labile factor present, as .was the case with 

TABLE VI 

Effect of Concentration and Dialysis on the Volumes of Loaves Baked 
(Method 2, with Fresh Skim Milk), Acid Whey Equivalent to 14% 
of thf Skim Milk 


Milk fraction whey 
concentrate 

No. of bakes 

Unheated 

No. of bakes 

Heated 

Difference 





cc 

cc 

Undialyzed 



8 

818 rfc 5.2 

72* 

Dialyzed 



8 


46* 


* These values lie beyond the 1% level of significance. 


the acid whey (Table V). It is possible that dialysis removed a part 
of this factor, because the increase in volume by heat treatment of 
the undialyzed acid whey was about one-half greater. This was not 
associated with pH, since the acid in the undialyzed whey was neutral¬ 
ized by sodium hydroxide. Since the dialyzed concentrate required 


TABLE VII 

Effect of Heat on the Volume of Loaves Baked with Acid Casein from 

Fresh Skim Milk 


Casein equivalent 
to using skim milk 

Baking 

method 

No. of 
bakes 

Unheated 

Heated 

Difference 

% 



cc 

cc 

cc 

6 

1 

6 

768 ± 5.4 

784 ± 7.5 

16 

8 

2 

7 

760 ± 3.1 

! 

773 ± 3.6 

13 
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longer to prepare, this difference may have been associated with some 
other factor. 

Casein prepared by the previously stated method was added to 
the baking formula in two quantities. The results in Table VII show 
that the heat-labile factor was largely absent in the casein prepared 
from skim milk by this method. 

Discussion 

This work confirms the conclusion reached by Stamberg and Bailey 
(1942), that the heat-labile factor, detrimental to baking, is in the whey 
fraction. However, the present work shows in addition that it is the 
nondialyzable heat-labile fractions of the acid and rennet wheys that 
are detrimental to baking. This is not in full agreement with Stam¬ 
berg and Bailey's (1942) statement that the factor is dialyzable, but 
this lack of agreement could easily be due to differences in the mem¬ 
branes used. The detrimental heat-labile nondialyzable fraction of 
the whey is a small fraction of the milk and therefore might be associ¬ 
ated with the noncasein nitrogen, the natural enzymes of the milk, 
or the cellular constituents. 


Summary 

The nondialyzable fractions of both poor-baking dry milk solids 
and fresh skim milk showed definite improvement in baking quality 
following heat treatment. 

The baking qualities of both acid and rennet wheys from fresh skim 
milk were improved by heat treatment. The addition of concentrated 
whey to a dough formula further reduced the loaf volume, which was 
again improved by heat treatment. There was some evidence that 
during dialysis the detrimental factor in whey either slowly dialyzed 
or changed in some other manner to reduce its potency. 

Casein prepared by the acid method was not changed in its influence 
on baking by heat treatment. 
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THE THIAMIN CONTENT OF CANADIAN HARD RED 
SPRING WHEAT VARIETIES 1 

A. G. O. Whiteside 2 and S. H. Jackson 3 

(Received for publication December 28, 1942) 

The thiamin content of wheat and wheat products is creating 
considerable interest among nutritionists, and this interest is being 
reflected to millers and crop men. To gain further knowledge on the 
thiamin content of Canadian hard red spring wheat, determinations 
were made on numerous samples of the principal varieties grown in 
Western Canada to determine the effect of variety and environment 
on these samples, and to supplement information published by the 
authors in a former paper (Jackson and Whiteside, 1942). Johannson 
and Rich (1942) published data on 265 commercial hard red spring 
wheats from most of the crop districts in Western Canada, and found 
a range of 2.2 to 8.0 /zg of thiamin per gram (333 to 1210 International 
Units per pound) with an average of 3.93 /zg per gram (594 IU per 
pound). Jackson and Whiteside found a range of 525 to 747 IU per 
pound for large bulk commercial lots of 1940 crop wheat. Nordgren 
and Andrews (1941) presented evidence that the thiamin content of 
wheat is influenced by wheat type, variety, and environment. For 
certain Canadian samples they reported a range from 1.45 to 2.81 mg 
per pound (483 to 937 IU per pound). Numerous authors have 
demonstrated that wide variations occur in different samples of wheat, 
but little is known about the factors that contribute to these variations. 

In the studies reported here, thiamin determinations were made in 
the laboratory of the Paediatrics Department of the University of 
Toronto by the thiochrome method with the same technique referred 
to in the previous publication by the authors (1942). 

1 Contribution from the Cereal Division, Dominion Department of Agriculture, Ottawa, and the 
Department of Paediatrics, University of Toronto. 

* Senior Assistant Cereaiist, Dominion Department of Agriculture, Ottawa, 

* Biochemist, Department of Paediatrics. University of Toronto, 
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Composited Samples of Pure Varieties 

The authors (1942) published thiamin values for Canadian hard 
red spring wheat representing the crops of 1939 and 1940 and included 
data for commercial samples as well as those from plot tests of pure 
varieties. In Table III of that paper the thiamin content of six 


TABLE I 

Thiamin Content of Hard Red Spring Wheat Varieties in 
International Units per Pound of Wheat 



Year 

Year 


Variety 

1939 

1940 

Mean 



IU per pound 


Apex 

Marquis 

670 

695 

683 

645 

660 

653 

Regent 

820 

838 

829 

Renown 

820 

792 

806 

Reward 

806 

784 

795 

Thatcher 

700 

713 

707 

Mean 

744 

747 

746 


varieties was given on a composite of each variety. These were made 
up from samples collected from plots grown at 158 places in the three 
Prairie Provinces in 1939. A similar set of samples was made available 
through the courtesy of the Crop Testing Plan for the 1940 crop. 
A comparison of the thiamin contents of six varieties for the year 1939 


MEAN or 6 VARIETIES 


REGENT 


Thatcher 


4 


X 

2 

X 

4 

X 

h 


*300 

1200 

itoo 

lOOO 

900 

600 

700 

600 

500 

600 




03661*0 IS O*60f*o 

I A ■ ■ I .i *—a. V I ■fc - .- L L 

NUMBER or 6AWPUC1 NUMBER OF SAMPLES 

Fig. I. The range of thiamin values for the 1940 



crop. 


and for the same varieties for 1940 is shown in Table I. For the 1940 
crop, 163 places are represented in the mean figure. It will observed 
that the varieties arranged themselves in the same order in 1940 as 
they did in 1939. Regent, Renown, and Reward gave the highest 
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thiamin values, and Thatcher, Apex, and Marquis ranked lower. 
The close similarity between the data for the two years is remarkable. 

For the 1940 crop, the study was based on 1,167 original samples 
and these were composited for certain districts only. A wide range 
of thiamin values, which included a low of 436 IU per pound for one 

TABLE II 

Mean Weight per Bushel, Weight per 1,000 Kernels, Protfin and Thiamin 
for the Six Varieties for Each District and for the 21 
District Samples oi Each of the Varieties 



Samples in 

Weight 

Weight 



Crop district means 

composite for 
each variety 

per 

bushel 

per 

1,000 kernels 

Protein 

1 hiamm 


no 

lb 

g 

% 

IV per lb 


MANITOBA 


4 

1 

59.4 

24.9 

14.7 

768 

7 

1 

59.3 

24.2 

16.5 

979 

10 

2 

62.4 

36 4 

15.9 

804 

12 

1 

58.4 

25.3 

* 17.9 

1071 


S\SK\TCHKW\N 


1 and 2 

4 

62.4 

31.2 

15.4 

803 

3 and 4 

3 

62 0 

34.6 

14.8 

607 

5 

11 

62.2 

35.5 

1 15.0 

617 

6 

10 

62.2 

32.9 

15.9 

722 

7 

16 

61.2 

30 5 

i 160 

722 

8 

17 

61.9 

33.1 

1 14.4 

657 

9 

23 

62.3 

33.1 

! 15.3 : 

753 



ALBERTA 




1 

1 

62.5 

32 9 

15.6 

732 

4 and 6 

14 

61 9 

32.0 

15.7 

763 

5 

2 

1 61.2 

31.8 

15.5 

757 

7 and 8 

10 i 

1 61.7 

32.5 

15.5 

762 

9 

2 

; 62.9 

36 7 

12.5 

665 

10 

10 

60.8 

31.2 

15.4 

727 

11 

5 

62 7 

34.3 

13.2 

729 

12 

1 

62.1 

36.1 

14.5 

652 

13 and 14 

15 

62.8 

35.5 

| 13.8 

729 

16 

4 

62.8 

34.9 

14.0 

671 

1 


variety means 


Apex 

Marquis 

1 

i 

61.2 

32.1 

14.9 

695 

— 

61.4 

30.9 

14.4 

660 

Regent 

— 

60.8 

36.4 

15.1 

838 

Renown 

— 

61.8 

32.8 

15.1 

792 

Reward 

— 

63.4 

32.2 

16.3 

784 

Thatcher 

— 

61.4 

29.9 

14.9 

713 

Mean for all samples 

— 

61.7 

32.4 

15.1 

747 
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sample of Marquis and a high of 1,280 IU per pound for one sample 
of Regent, was obtained. The bar diagrams (Fig. 1) show a compari¬ 
son for the mean of the six varieties given in Table I, and for Regent 
and Thatcher separately. Along with the thiamin data, test weight 
per bushel, weight per thousand kernels, and protein were determined. 
This additional information was secured to ascertain if there were any 
relationships between some of these characters and thiamin as shown 
by statistical analysis. The mean data for the four characters of the 
six varieties in all 21 districts are given in Table II. From these 
values, variance analyses were made and the differences between 
districts and between varieties were found to be highly significant for 
each of the four characters. From these variances, standard errors 
and necessary differences were calculated and these are given in 
Table III. For thiamin 75 IU per pound are required to indicate 


TABLE III 

Standard Errors and Necessary Difference Calculated from the 
Variance for Interaction of Districts X Varieties 


(ND - 2 Vi SE) 

Weight per 
bushel 

Weight per 
1.000 kernels 

Protein 

Thiamin 


lb 

g 

% 

IV per lb 

SE for single determinations 

0.70 

, 1.30 

0.53 

65.1 

SE for mean of district 

0.20 

0 57 ! 

0.22 

26 5 

SE for mean of variety 

0.15 ! 

i 0.30 

0.12 

14.2 

ND for single determination i 

1 00 

3.03 

1.49 

183.9 

ND for mean of district j 

> 0.81 

1.60 

0.61 

75.1 

ND for mean of variety 

0 43 

0.86 

0.33 

40.1 


significance between the means of the six varieties for any two districts, 
and 40 IU per pound between the means for any two varieties for the 
21 districts. Similar information is given for weight per bushel, 
weight per thousand kernels, and protein. These differences are 
based on the error as determined for the interaction between varieties 
and districts. 

Correlation coefficients calculated from the variance and co- 
variance of the 126 samples representing 21 districts and 6 varieties 
are presented in Table IV. This arrangement allows for the sorting 
out of correlations for districts, varieties, and the interaction of 
varieties and districts. The correlations for district and for total, 
being significant, show that thiamin is negatively correlated with 
weight per bushel and kernel weight, and positively correlated with 
protein. The effect of varieties tends to low'er the total correlations 
as showm in the correlations for varieties. To gain further information 
on the behaviour of the varieties, simple product moment correlations 
were calculated for the 21 district samples of each variety. In 
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Table V it will be noted that all varieties did not behave alike and 
better relationships for the thiamin combinations were shown for 
Apex, Renown, and Thatcher. 


TABLE IV 

Correlation Coefficients for Weight per Bushel (w), Weight per 1,000 
Kernels (k), Protein (p) and Thiamin (t) for 21 District Samples 
of Each of 6 Varieties Based on the Variances and 
Covariances of the 126 Samples 



DF 

wk 

wp 

wt 

kp 

kt 

pt 



Districts 

19 

+ .92 

-.66 

-.74 

-.62 

-.75 

+ .70 

.43 

.55 

Varieties 

4 

-.25 

+ .83 

+.15 

+.24 

+.80 

+.60 

.81 

.92 

Districts X varieties 

99 

+ .35 

-.03 

+ .11 

-.09 

+ .18 

+.23 

.20 

.25 

Total 

124 

+ .56 

-.24 

-.39 

-.39 

-.29 

+.61 

.17 

.23 


Kernel weight and bushel weight are positively correlated and each 
of them is negatively correlated with protein. This was found to be 
true for the district correlations for all six varieties combined and 
generally true for each variety taken separately, further calculations 
were made to determine the partial and multiple associations of each 

TABLE V 


Correlation Coefficients for 21 District Samples of Each of 6 Varieties 


Variety 

DF 

wk 

wp 

wt 

kp 

kt 

pt 

Apex 

19 

+.82 

-.68 

-.59 

-.75 

-.77 

+ .71 

Marquis 

19 

+ .78 

— .45f 

-.57 

— .46f 

-,43t 

+.43f 

Regent 

19 

+.82 

-.58 

-.26* 

-.62 

— .52f 

+.71 

Renown 

19 

+.85 

-.62 

-.64 

-.63 

-.61 

+ .67 

Reward 

19 

+.93 

-.04* 

— .49f 

-.09* 

— -47 f 

+ .30* 

Thatcher 

19 

+.87 

-.75 

-.76 

-.64 

— .77 

+.71 


* Not significant at 5% level, f Not significant at 1% level. 


of these characters on thiamin. In Table VI, it will be observed that 
many of the partial correlations are not significant, although those 
for Regent are significant or approach significance in 6 out of 9 cases. 
Thus for Regent, thiamin and protein are correlated when the effects 
of kernel weight and weight per bushel are eliminated. This fol¬ 
lows through for thiamin and protein when kernel weight is elimi¬ 
nated and when bushel weight is eliminated. The district correlations 
for all varieties combined yielded significant partial correlations for 
thiamin and kernel weight and thiamin and bushel weight when the 
effects of protein were eliminated. The multiple correlations are 
significant in all but five of the various combinations and in these 
latter cases the correlations approached significance. In general, it 
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may be stated that the thiamin content was influenced by the same 
factors that influenced protein, kernel weight, and bushel weight. 

Approximately 60 per cent of the variability in the wheat was 
accounted for by its association with protein, kernel weight, and 
bushel weight, with protein and kernel weight, with protein and 
bushel weight, and with kernel weight and bushel weight. On this 
basis one would expect that when wheat is high in protein and low 


TABLE VI 

Partial and Multiple Correlations for 21 District Samples of Each Variety 
and for 21 District Totals for All 6 Varieties Combined 



Apex 

Marquis 

Regent 

Renown 

Reward 

Thatcher 

District 

totals 

5% pt 

1% pt 


PARTIAL CORRFLATIONS 


rtp.kw 

+ .34 

+ .25 

+ .68 

+ .43 

+ .32 

+.37 

+ .43 

.60 

.69 

rtk.pw 

— .51 

+ .07 

-.50 

-.05 

+ .03 

-.46 

-.26 

.60 

.69 

.pk 

+ .18 

-.33 

+ .54 

-.23 

-.24 

-.08 

-.07 

.60 

.69 

rtp.k 

+ .31 

+ .29 

+ .53 

+ .46 

+ .29 

+ .45 

+ .46 

.53 

.63 

rtk.p 

-.52 

-.29 

-.18 

-.32 

-.46 

-.58 

-.57 

.53 

.63 

rtp.w 

+ .49 

+ .24 

+ .71 

+ .46 

+ .32 

+ .34 

+ .42 

.53 

.63 

.p 

-.52 

-.46 

+ .26 

-.38 

-.51 

-.48 

-.52 

.53 

.63 

rtk w 

-.62 

+ .04 

-.56 

-.16 

-.07 

-.35 

-.25 

.53 

.63 

rtw k 

+ .11 

-.40 

+ .34 

-.29 

-.19 

-.28 

-.19 

.53 

.63 


MULTIPLE CORRELATIONS 


Rt.pkw 

+ .81 

+ .54 

+ .81 

+.73 




.60 

.69 

Rt.pk 

+ .65 

+ .50 

+ .69 

+.71 




mum 


Rt.pw 

+ .49 

+ .60 

+.73 

+.73 




mmm 


Rt.kw 

+ .78 

+.57 

+.60 

+.65 




m 



in kernel weight and bushel weight, the thiamin content is higher than 
when wheat is low in protein and high in kernel and bushel weight. 

Jackson and Whiteside (1942) reported that the thiamin in wheat 
is largely concentrated in that part*of the kernel containing the germ, 
and they and others have shown that commercial bran and shorts are 
much richer in thiamin than white flour. Therefore, it is logical to 
assume that plump wheat would be lower in thiamin than less plump 
wheat, as the relationship of the pericarp and germ to floury endosperm 
would be greater in the latter case. Since protein was negatively 
correlated with weight per bushel and weight per thousand kernels, 
then high thiamin would follow high protein. 

Experimental Station Samples 

Samples of six varieties grown at the same five stations for two 
years were analyzed for thiamin content and the data are presented 
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in Table VII. This arrangement allowed for a further set of statistical 
analyses which yielded additional information respecting the variability 
to be found in thiamin values over a period of two years. Variance 
analyses are presented in Table VIII, from which certain inferences 
may be made. 

TABLE VII 

Thiamin Content for Samples of Six Wheat Varieties Grown at 
Five Experimental Stations in 1940 and 1941 


Varieties 

Year 

Rosthern 

Scott 

Melfort 

Olds 

Edmonton 

Mean for 
varieties 

Garnet 

1940 

1U per 

555 

pound 

585 

517 

565 

525 

545 


1941 

695 

815 

680 

640 

660 

698 


Mean 

615 

700 

599 

605 

593 

622 

Marquis 

1940 

715 

665 

610 

687 

640 

663 

1941 

612 

695 

640 

622 

666 

647 


Mean 

664 

680 

625 

655 

653 

655 

Red Bobs 

1940 

700 

695 

651 

785 

675 

697 


1941 

811 

754 

700 

666 I 

748 

732 


Mean 

756 

715 

666 

726 | 

712 

715 

Regent 

1940 

806 

870 

870 

755 ! 

765 

809 

1941 

815 

885 

861 

825 

798 

836 


Mean 

810 

877 

866 

780 

782 

823 

Reward 

1940 

840 

840 

711 

765 

712 

774 


1941 

852 

855 

700 

756 

737 

780 


Mean 

846 

848 

706 

761 

725 

777 

Thatcher 

1940 

690 

611 

660 

615 

630 

641 


1941 

767 

675 

668 

640 

636 

677 


Mean 

j 729 

645 

664 

678 

633 

659 

Mean for stations 

1940 

714 

711 

667 

692 

658 

688 


1941 

758 

776 

708 

692 

708 

728 


1940,1941 

756 

744 

687 

692 

683 

708 


Significant differences, as shown by the F values exceeding the 
5% point or 1% point levels of significance, corroborated the larger 
series of tests in that some of the varieties could be depended upon 
to give higher thiamin values than others. This is found to be true 
regardless of the interaction effect of varieties and stations and of 
varieties and years. In the first place,' as determined through the 
interaction effects of varieties X stations X years, some varieties were 
shown to be consistently higher for some stations for some years. 
In the second place, as determined from the interaction effects of 
varieties and stations, some varieties were higher in thiamin than the 
others in these places for both years, and, in the third place, as shown 
by the interaction effects of varieties and years, some varieties were 
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higher in thiamin than the others on the average at all stations. The 
necessary differences are 33.88, 45 97, and 82 96 IU per pound, re¬ 
spectively. Using any of these figures for significance, Regent at 
823 IU per pound is significantly higher than Thatcher at 659 IU 
per pound The results indicate that varieties differ in thiamin 
content and that this difference was consistent for different stations 

TABLE VIII 

SlAIISriCAL SlGNIllCANCF OF 1 HIAMIN FOR Sl\ VaRILIITS OF WHEAT 
Grown at Fivr Stations in 1940 and 1941 



Sums of 
square* 

Degrees of 
freedom 

Variance 

Standard 

error 

Varieties 

305,251 54 

s 

61,050 31 

_ 

Stations 

40,816 17 

4 

10,204 04 

— 

Years 

24,000 00 

1 

24,000 00 

— 

Varieties X stations 

52,825 63 

20 

2,641 28 

51 39 

\ anctiesXyears 

43,020 20 

5 

8,604 04 

92 76 

Stations X\ ears 

7,157 50 

4 

1,789 38 

42 30 

Vanet les X st at ions X v ears 

28,700 30 

20 

1,435 02 

37 88 

I otal 

301,771 34 

59 

— 

— 


F V VI IIS, 5% PT, V\D 1% PI 


Bi tween varictk s 
Iktvu c n ilistru ts 
Bttwetn vtars 


\ irietie* X stations 
X n^rs 




— 

I \ due 

V pt 

\ c i pt 

42 54 

2 71 

4 10 

I 7 11 

2 87 

444 

16 72 

4 $5 

8 10 


\ ark ties X st itions 


I value 

V c Pt 

i% Pt 

23 11 

2 71 

4 10 

3 86 

2 87 

443 

2 79 | 

i 

6 61 

16 26 


\ aru tics X years 


F value 

5 C ( pt 

i'”< pt 

7 10 

5 05 

10 97 

5 70 

6 39 

15 98 

1341 

7 71 

H 20 


SIVNDVRI) I RRORS \M) MCISS\R\ DII I I RI NU S I OR THI\MIN IN II PIR IB 



\ incites X st itions 

X vears 

Varieties X stations 

\ anetit* X >ears 


SF 

\D 

SE 

ND 

SE 

ND 

Mean oi a v ant tv 

11 98 

33 88 

16 25 

45 97 

29 33 

82 96 

Mean of a station 

10 94 

30 93 

14 84 

41 96 

Not sig 

Not sig 

Mean ot a \tar 

4 89 

13 83 

Not sig 

Not sig 

5 46 

15 45 


and over a period of two \ears This would indicate that the breeding 
foi thiamin content in wheat varieties is a possibility. 

In general, it was demonstrated that some stations can be depended 
upon to give higher thiamin values than others. This was found to 
be true regardless of interaction effects of varieties X stations X years, 
and of varieties X stations, but it did not hold true regardless of 
interaction effects of stations X years only This would mean that 
in these years some stations could not be relied upon to be higher in 
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thiamin for most varieties. More years of test would be necessary 
to prove or disprove this point. 

For years it was shown that significant differences did occur, indi¬ 
cating that the thiamin content will vary from year to year. 

Summary 

A statistical study was made of the thiamin content of samples of 
Canadian hard red spring wheat representing leading varieties grown 
at many locations in Manitoba, Saskatchewan, and in Alberta for the 
crop years 1940 and 1941. For the 1940 crop a large series of tests 
on composites were made, representing 1,167 original samples. For 
this series, thiamin values for 21 different crop districts are given. 
In the second group samples from five experimental stations for the 
two years are compared. 

For the varieties tested significant differences were shown to exist 
between varieties. Regent, Renown, and Reward may be expected 
to be higher in thiamin than Red Bobs, Thatcher, Marquis and 
Garnet. In a comparison of Regent with Thatcher for 1939 and 1940, 
representing samples drawn from 158 places in the three Prairie 
Provinces in 1939 and 163 places in 1940, the former variety averaged 
829 and the latter 707 IU per pound. The varieties arranged them¬ 
selves in the same order for both years. In a comparison of six 
varieties grown at five stations over a two-year period, the difference 
between varieties was found to be consistent for different stations and 
over a period of two years. 

Environment was shown to influence the level of thiamin to be 
expected for wheat from different locations in the same year. These 
differences were measured by statistical analysis. For the large series 
of the 1940 crop, 75 IU per pound was found to be necessary to show 
a difference between the mean of any two districts. On this basis 
the thiamin values w,ere fairly uniform in that year over the three 
provinces. In a comparison of samples from five experimental 
stations for 1940 and 1941, the difference between years was found to 
be significant. 

The thiamin content of wheat appears to be associated with the 
development of the wheat kernel, as negative correlations were 
obtained between thiamin and test weight per bushel and between 
thiamin and weight per 1,000 kernels. Positive correlations were 
obtained between thiamin and protein. It was calculated that 
approximately 60% of the variability in thiamin was accounted for 
by its association with protein, kernel weight, and bushel weight; 
with protein and kernel weight; with protein and bushel weight; and 
with kernel weight and bushel weight. The use of any one of these 
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characters for predicting thiamin content in wheat varieties would 
appear to be limited. 
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THE RECOVERY OF THE B VITAMINS IN THE 
MILLING OF WHEAT 

S. H. Jackson, A. Doherty, and V. Malone 

Department of Paediatrics, University of Toronto, and Hospital 
for Sick Children, Toronto, Canada 

Wheat is a valuable source of thiamin and niacin, and it supplies 
significant amounts of riboflavin to the average diet. Hence a knowl¬ 
edge of the routes followed by these vitamins during the milling of 
wheat is of prime importance. Jackson and Whiteside (1942) have 
published results on the thiamin concentration to be found in the 
various streams of a typical flour mill. Thomas, Bina, and Brown 
(1942) have reported data on the niacin concentration and the per¬ 
centage of the total niacin of the wheat appearing in the various grades 
of flour and the offals. Andrews, Boyd, and Terry (1942) reported 
similar information regarding riboflavin. Andrews, Boyd, and Gortner 
(1942) have published a graph in which they plotted the percentage 
of the total thiamin, riboflavin, and niacin to be found in various 
flours, against the percentage extraction of the flour. The following 
investigation extends this information by reporting the percentage of 
the total thiamin, riboflavin, and niacin in all the mill-streams of a 
typical flour mill. 

Experimental 

Samples of all the flour streams and mill feeds were supplied by a 
large Canadian flour mill which was milling a hard western Canadian 
wheat at the time of collection. A sample of the wheat was also sup¬ 
plied along with data on the percentage of the wheat which appeared 
in each of the streams. These data made it possible to calculate the 
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percentage of the vitamins of the wheat in each stream. Assays for 
thiamin, riboflavin, and niacin were carried out on all the samples. 

Thiamin was assayed by the thiochrome method of Hennessy and 
Cerecedo (1939) as modified later by Hennessy (1941) and the Re¬ 
search Corporation Committee on the Thiochrome Assay. 

Riboflavin was assayed by the microbiological method of Snell and 
Strong (1939). The extraction method was modified to provide com¬ 
plete solution of the riboflavin and to eliminate certain interfering 
substances peculiar to cereals. The method of extraction used corre¬ 
sponded closely to that published by Strong and Carpenter (1942) as 
their Procedure 2. An aliquot of the sample under test was weighed 
out accurately and mixed with 50 ml of 0.1 W HCI. The mixture, 
after steaming for about 30 minutes with occasional shaking to break 
up any lumps, was autoclaved for 30 minutes at 15 pounds of steam 
pressure. After cooling under the tap to at least room temperature, 
or even colder, 1 ml of 2.5M sodium acetate solution was added, fol¬ 
lowed by 5 ml of 0.5 N sodium hydroxide. At this point the pH was 
between 4.0 and 5.0 and there was a heavy precipitate. This precipi¬ 
tate was removed by centrifuging or filtering or both and appeared to 
carry down the interfering material. The precipitate was re-extracted 
by autoclaving with 50 ml of water for 30 minutes at 15 pounds of 
pressure. It was cooled again, filtered or centrifuged, and the second 
extract added to the first. The precipitate was washed several times 
with small amounts of water, the combined washings and extracts ad¬ 
justed to pH 6.8, and diluted to 200 ml. This extract was assayed by 
the method of Snell and Strong (1939). A glass electrode titration 
set-up was used with a distinct improvement in accuracy and con¬ 
venience over the dye indicator method. 

The niacin was assayed by the microbiological method of Snell and 
Wright (1941) with slight modification. The amount of tryptophan 
was reduced to half the level recommended and the thiamin, pyridoxine, 
and calcium pantothenate were doubled. The casein hydrolysate, 
cystine, guanine, adenine, and uracil were all prepared in a single 
solution of such concentration that 10 ml was required for 50 ml of 
the basal medium. 

The preparation of the samples for niacin assay involved extraction 
with dilute acid followed by a mild alkaline hydrolysis. The increase 
in the apparent niacin of cereal extracts after alkaline hydrolysis has 
been reported by several investigators (Snell and Wright, 1941; Oser, 
Melnick, and Siegel, 1941; and Andrews, Boyd, and Gortner, 1942). 
It is not known as yet whether this extra niacin liberated by alkaline 
hydrolysis is nutritionally available. As it is very readily liberated 
(the action of dilute alkali at room temperature for a few minutes 
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gives almost quantitative hydrolysis), we have assumed that this 
fraction of the niacin is available, and the results accordingly represent 
the total niacin in the sample. The extra niacin liberated by the 
action of the alkali amounted to about 25% of the total value in the 
whole wheat. It was not determined in the other samples. 

A sample was weighed out, mixed with 25 ml of 0.1A HC1, auto¬ 
claved for 1 hour at 15 pounds of steam pressure, cooled, and neutral¬ 
ized to pH 4.5 with 0.5 ml of 2.5 M sodium acetate and 2.5 ml of 0.57^ 
sodium hydroxide. After diluting the mixture to 50 ml, it was 
centrifuged, followed by filtration if necessary. A suitable aliquot of 
this extract (5 to 20 ml) was diluted to about 20 ml with water and 
made alkaline by the addition of 0.25 ml of 40% NaOH. It was 
heated to boiling, allowed to cool to room temperature, and the pH 
adjusted to 6.8 with concentrated HC1, the final adjustment being 
made with dilute solutions of HC1 and NaOH. After dilution to 
100 ml, this extract was assayed by the method of Snell and Wright 
(1941). 


Results 

Table I gives the amounts of thiamin, riboflavin, and niacin found 
in the various mill feeds and flours constituting all of the original 
wheat. The total recoveries should be 100% and the variation from 

TABLE I 

Concentrations and Percentage Recoveries of the B Vitamins in tiie Mill 
Feeds and Flour Composites Composing 100% of the Wheat 


Mill «ttream 

Per 

cent in 
stream 

! Concentration 

I ot vitamin 

Vitamin of wheat 
in stream 

Ash 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 


VS 

ng/g 

Uglg 

Mg/g 

% 

1 r 

°0 

% 

Wheat 

100 

4.52 

1.24 

56.5 

100 

100 

100 


Feed middlings 

2.64 

20.8 

3.02 

95.0 

12.1 

6.45 

4.45 

_ 

Shorts 

11.7 

15.15 

2.48 

140.0 

39.8 

23.4 

29.0 

— 

Bran 

11.7 

6.98 

2.38 

232.0 

18.1 

22.3 

48.0 

— 

Germ 

0.27 

21.3 

4.53 

68.0 

1.25 

0.97 

0.32 

— 

First patent flour 

37.0 

0.81 

0.67 

10.3 

6.63 

20.0 

6.75 

0.36 

First baker’s flour 

25.8 

1.21 

0.54 

17.6 

6.9 

11.2 

8.0 

0.48 

Second baker’s flour 

7.4 

2.44 

0.76 

25.3 

4.0 

4.55 

3.32 

0.67 

Low-grade flour 

3.7 

8.15 

1.05 

41.5 

6.66 

3.13 

2.72 

1.16 


100.21 

— 

1 

— 

95.44 

92.00 

102.56 

— 


this amount is due to the experimental error of the various assay 
methods. The highest concentration of thiamin was found in the 
germ and feed middlings fractions, while the bran was the lowest of 
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the mill feeds, even lower than the low-grade flour. There was a large 
variation in the concentration of thiamin in the different fractions of 
the wheat. The thiamin in the germ was 46 times as concentrated as 
it was in the lowest stream (the first middlings flour, Table II). The 
shorts contained more of the total thiamin in the wheat than any other 
single fraction, while approximately one-quarter of the thiamin ap¬ 
peared in all the flour combined. 

TABLE II 

Concentrations and Percentage Recoveries of the B Vitamins in the 
Streams Composing the First Patent Flour 


Mill stream 

Per-, 
cent in 
stream 

Concentration 
of vitamin 

Vitamin of wheat 
in stream 

Ash 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 


% 

f*glg 

ngfg 

Mlg 

% 

% 

% 

% 

Second midds flour 

9.6 

0.72 

0.59 

8.7 

1.53 

4.58 

1.47 

.37 

First midds flour 

9.6 

0.46 

0.55 

9.9 

0.98 

4.25 

1.68 

.35 

Third midds flour 

7.4 

0.99 

0.54 

10.5 

1.62 

3.22 

1.37 

.42 

Fine sizings flour 

0.925 

1.04 

0.55 

11.0 

0.21 

0.406 

0.18 

.47 

Third miads rebolt 

2.95 

1.23 

0.55 

13.0 

0.80 

1.31 

0.68 

.42 

Second midds rebolt 

3.7 

1.27 

0.53 

11.6 

1.04 

1.58 

0.76 

.43 

Fourth midds rebolt 

2.77 

1.11 

0.53 

11.0 

0.68 

1.18 

0.54 

.44 

Second tails flour 

0.37 

3.57 

0.58 

33.0 

0.29 

0.173 

0.26 

1.06 


The riboflavin was much more evenly distributed throughout the 
kernel than the thiamin. In the germ fraction, where it was most 
concentrated, it was only 8.5 times the concentration in the lowest 
stream. Again the shorts contained more of the total riboflavin than 
any single fraction, but the total combined flours contained 40% of the 
riboflavin as compared to 25% of the thiamin. 

The variation of the niacin concentration in the different fractions 
was not quite so great as that of the thiamin, but considerably more 
than that of the riboflavin. The bran stream contained the highest 
concentration. This was 26 times the lowest concentration, which 
was found in the second middlings flour. The outstanding feature is 
the fact that the niacin was largely concentrated in the bran. This 
fraction contained nearly half the total niacin of the wheat. The 
germ stream contained a concentration of niacin that was not much 
greater than that of the original whole wheat. This germ fraction 
contained a considerable proportion of bran. A sample of pure germ, 
entirely free of bran, was separated out by hand and assayed for 
niacin. It contained 42 ng of niacin per gram, or about the same as 
the low grade flour. The combined flour streams contained a total of 
approximately one-fifth of the niacin. The concentration of thiamin 
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in the second bakers flour was approximately three times that in the 
first patent flour. The concentration of niacin increased at a similar 
rate, the second baker’s flour having about 23 ^ times the concentration 
of niacin of the first patent flour. The similarity vanishes as we 
progress to the low-grade flour. This had a concentration of thiamin 
equal to nearly 10 times that of the first patent flour, while the niacin 
concentration of the low-grade flour was 4 times that of the first patent. 
This finding agrees with that of Andrews, Boyd, and Gortner (1942), 

TABLE III 

Concentrations and Percentage Recoveries of the B Vitamins in the 
Streams Composing the First Baker’s Flour 


Mill stream 

Per¬ 
cent in 
stream 

Concentration 
of vitamin 

Vitamin of wheat 
in stream 

Ash 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 


% 

Mlg 

ng/g 

uglg 

% 

% 

% 

% 

Fourth midds scalp 

0.74 

1.11 

0.54 

16.0 

0.18 

0.322 

0.21 

0.49 

Coarse sizings 

0.55 

1.29 

0.54 

14.0 

0.155 

0.24 

0.135 

.48 

Third sizings flour 

2.22 

0.96 

0.55 

16.0 

0.47 

0.985 

0.63 

.47 

Fifth midds flour 

5.16 

1.26 

0.60 

15.0 

1.44 

2.50 

1.37 

.44 

Fourth midds flour 

5.91 

1.05 

0.52 

16.0 

1.37 

2.48 

1.68 

.46 

Fifth midds rebolt 

2.96 

1.62 

0.55 

10.5 

1.06 

1.31 

0.55 

.36 

Sixth midds flour 

4.44 

1.93 

0.58 

13.5 

1.89 

2.07 

1,06 

.52 

Fine tailings reel 

0.74 

1.44 

0.55 

14.5 

0.235 

0.328 

0.19 

.55 

Fine tailings bolter 

0.925 

1 67 

0.62 

15.0 

0.34 

0.46 

0.245 

.55 

Suction flour 

0.925 

1.32 

0.70 

15.0 

0.28 

0.52 

0.245 

.64 

First break flour 

0.37 

0.55 

0.66 

22.5 

0.045 

0.197 

0.145 

.59 

Second break flour 

0.37 

0.51 

0.66 

19.8 

0.04 

0.197 

0.13 

.49 

Third break flour 

0.37 

0.77 

0.60 

16.4 

0.065 

0.179 

0.105 

.52 

Fourth break flour 

0.185 

1.83 

0.77 

19.3 

0.075 

0.115 

0.065 

.75 


who plotted the % recovery of thiamin, riboflavin, and niacin in flours 
of various extractions against the percent extraction of the flours. 
There was a sharp increase in the thiamin between 70% and 80% 
extraction, while the rate of increase in niacin remained more gradual 
until the extraction reached 85% or more, and a considerable per¬ 
centage of bran was appearing in the flour. 

Tables II, III, IV, and V record the amounts of thiamin, riboflavin, 
and niacin in. the individual flour streams composited in the first 
patent, first baker’s, second baker’s, and low-grade flours, respectively. 
These values are of general interest to millers and a study of their 
relations to each other yields further information. The break flours 
were relatively low in thiamin but high in niacin. There was an 
average ratio of the percentage recovery of niacin to thiamin of 1.99 
in the break flours and of 0.88 in the middlings flours. This charac¬ 
teristic of high ratio of niacin to thiamin in the break flours can be 
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TABLE IV 

Concentrations and Percentage Recoveries of the B Vitamins in the 
Streams Composing the Second Baker's Flour 


Mill stream 

Per¬ 
cent in 
stream 

Concentration 
of vitamin 

Vitamin of wheat 
in stream 

Ash 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 

Thia¬ 

min 

Ribo¬ 

flavin 

Niacin 


% 

fig/g 

Mff/* 

hkIk 

% 

% 

% 

% 

Fourth break rebolt 

0.555 

1.51 

0.55 

29.0 

0.185 i 

0.246 

0.285 

0.68 

Seventh midds flour 

1.48 

3.7 

0.6 

27.6 

1.21 

0.715 

0.725 

.82 

Sixth midds rebolt 

2.22 

3.01 

0.75 

18.5 

1.475 

1.34 

0.73 

.57 

Third tailings flour 

0.555 

2.39 

0.56 

19.2 

0.29 

0.25 

0.19 

.67 

Germ flour 

0.185 

1.82 

0.56 

16.0 

0.073 

0.084 

0.05 

.52 

First tailings flour 

0.555 

3.27 

0.90 

28.0 

0.40 

0.402 

0.275 

.77 

Break sifts reel 

1.85 

0.93 

0.74 

17.5 

0.38 

1.1 

0.575 

.47 


TABLE V 

Concentrations and Percentage Recoveries of the B Vir\Mi\s in thl 
Streams Composing the Low-Gr\de Flour 


Mill stream 

Per 

tent in 
stream 

Concentration 
of \itamm 

Vitamin of wheat 
in stream 

\sh 

Tina 

nun 

Ribo 
flav m 

Niai in 

Tina 
inin ! 

Ribo 
fla\ in 

Niai in 

Second low grade 

Fifth break flour 

First low grade 

Bran and shorts duster 

( r* 

0.925 
0 555 
1.11 
1.11 

ns Ik 
13.45 
3.15 
13.4 
3.60 

Ik 

0.92 

1 01 
0.76 
1.11 

figlg 

40.0 
40 0 
35.0 
52.0 

«; 

2 76 
0.385 
3.3 
0.885 

t 

0 685 
0.452 
0 68 

0 995 

i * 

0 655 
0J95 
0 69 

1 02 

1.50 

1.27 

1.08 

1.35 


explained by the inclusion of some bran dust in these streams, since 
the bran would add considerable niacin but little thiamin. 

Table VI gives the concentrations of the vitamins in the streams 
related to the production of Vi-Bim. Vi-Bim is a special high-thiamin 
product that is used for addition to white flour to raise its thiamin 

TABLE VI 

The B Vitamins in 44 Vi-Bim" 1 and Its Component Streams 


Stream 

Thiamin 

Riboflavin 

Niacin 


fig Ik 

fig/g 

ng/g 

Vi-Bim 

23.7 

3.01 

110.0 

Overs, Vi-Bim sifters 

25.3 

3.17 

114.0 

hirst scalp tailings 

25.0 

3.06 

101.0 

Tail red dog reel 

15.1 

3.03 

110.0 

Shorts from duster 

22.1 

2.97 

100.0 

Shorts from graders 

11.5 

3.11 

188.0 


> Vi-Bim is a special high-thiamin-content concentrate used for addition to white flour to increase 
the thiamin content to the level required for “ Canada Approved ” flour. It is made by regrinding and 
sifting the component streams. 
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content to the level required for “ White Flour, Canada Approved.” 
This level is set at 2.4 to 2.65 Mg per gram. Vi-Bim is produced by 
further grinding and sifting of the first scalp tailings, the tailings from 
the red dog reels, and the shorts from the dusters and the graders. 
The concentration of riboflavin is nearly the same in the various 
streams. The concentration of thiamin in the shorts from the graders 
is the lowest, whereas the concentration of niacin in this stream is 
the highest. The addition of sufficient Vi-Bim to the first baker's 
flour to increase the thiamin to 2.5 Mg per gram, an increase of 106%, 
will raise the niacin content of the flour by 34% and the riboflavin 
content by 30%. 

Conclusions 

The fact that nearly half the total niacin of the wheat appears in 
the bran stream leads to the conclusion that the niacin of the wheat 
kernel must be largely contained in the branny layers. The data also 
show that the site of the highest concentration of niacin in the wheat 
kernel is quite different from the site of the thiamin. The concentra¬ 
tion of niacin in each of the four offal streams varies inversely as the 
concentration of thiamin. That is, the bran stream is highest in 
niacin and lowest in thiamin, while the germ is the reverse. The 
shorts and feed middlings lie between in each case but the inverse 
variation holds with them also. 

The exact site of the maximum thiamin concentration in the wheat 
kernel cannot be placed on the basis of this evidence. We can say 
that it is not in the bran layers. It appears to be in a lighter-colored 
portion of the wheat, because fractions containing a high concentration 
of thiamin ma> be onh a light gray in color. Vi-Bim conforms to this 
description, while the low-grade flour itself is higher in thiamin than 
the bran and is ver\ much lighter in color. A previous report by 
Jackson and Whiteside (1942) placed 80% of the thiamin in that 
third of the wheat kernel containing the germ. 

Some dissections carried out on a sample of soft Ontario winter 
wheat place the thiamin of the wheat kernel more accurately. A soft 
wheat was chosen as it was easier to dissect than a hard wheat. 
A sample of large, well filled kernels was carefully selected and a 
portion assayed directly for thiamin. A second portion was weighed 
and the easily removable part of the germ (consisting largely of 
embryo) w r as dissected out and discarded. The wheat remaining was 
weighed and found to constitute 98% of the whole wheat. It was then 
assayed for thiamin. 

A third sample of wheat was weighed out and the entire germ, 
comprising both the embryo and the scutellum, was carefully dissected 



558 


B VITAMINS IN WHEAT 


Vol. 20 


out down to the floury endosperm cells and discarded. Care was 
taken to remove as few of the epidermal and aleuron cells adjacent to 
the germ as possible. The part of the wheat remaining was found to 
constitute 93.2% of the whole wheat. It was also assayed for thiamin. 

Finally a fourth sample of wheat was weighed out and about a 
quarter of each kernel, comprising the entire germ and all adjacent 
bran and endosperm cells, was cut off and discarded. The remainder 
of the wheat, constituting 73% of the whole wheat, was assayed for 
thiamin. 

The following results were obtained. The whole wheat contained 
3.56 Mg of thiamin per gram. The wheat with the embryo removed 
contained 3.2 Mg per gram of the sample assayed, or 3.14 Mg per gram 
of the original wheat. The wheat with the embryo and scutellum re¬ 
moved contained 1.11 Mg per gram of the sample, or 1.035 Mg per gram 
of the original wheat; and the wheat with the entire germ end removed 
contained 1.11 Mg per gram of the sample, or 0.81 m g per gram of the 
whole wheat. It was calculated from this that the embryo contained 
21 mR of thiamin per gram (corresponding closely to that reported for 
the germ in Table I), and carried 11.8% of the thiamin of the wheat. 
The scutellum was found to contain 44 Mg of thiamin per gram and 
carried 59% of the total thiamin in the wheat. The bran and endo¬ 
sperm cells adjacent to the germ were found to contain only 1.12 Mg of 
thiamin per gram. The entire wheat kernel other than the embryo 
and scutellum (93.2% of the wheat) contained only 30% of the thiamin. 
This bears out in general the finding recently reported in England by 
Hinton (1942). He found the scutellum to contain about 40 Mg of 
thiamin per gram but reports a value of only 4 fig per gram of the 
embryo. The divergence in values found for the embryo probably 
depends on the accuracy of the dissection. In this case the part 
dissected out as embryo comprised 2% of the wheat and may have 
carried some of the scutellum with it. Hinton found the embryo to 
comprise 1.2% of the wheat. 

The riboflavin appears to be more evenly distributed throughout 
the kernel, the floury endosperm containing a fair proportion of the 
total riboflavin in the wheat while all the offal streams combined 
contain only a little more than half of this vitamin. 

Increase of the thiamin in flour by variation of the milling process 
is not necessarily accompanied by a like increase of the riboflavin and 
niacin. The riboflavin would not be materially increased because 
there is no single part of the wheat kernel which contains most of the 
riboflavin and which could be incorporated in the flour by a suitable 
milling procedure. The niacin cannot be materially increased, be- 
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cause it is contained largely in the outer bran layers of the kernel and 
these must be discarded if the flour is to be generally acceptable. 


Summary 

Samples of all the flour and feed streams of a large Canadian flour 
mill were assayed for thiamin, riboflavin, and niacin. The proportion 
of the total vitamin of the wheat that appeared in each of the streams 
and in the flour composites was calculated. The niacin appeared 
largely in the outer bran layer of the wheat kqrnel. Dissection experi¬ 
ments showed the thiamin to be largely concentrated in the scutellum 
portion of the wheat germ. The riboflavin was found to be more 
evenly distributed than the thiamin or niacin. 
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In the past few years, efforts to incorporate the vitamin-rich by¬ 
products of rice milling into the human diet have aroused a great deal 
of interest. The present study was undertaken in the fall of 1941 in 
an attempt to meet the increasing need for a comprehensive survey of 
the B-complex vitamin content of rice and its milled products. The 
survey has included thiamine, nicotinic acid, pantothenic acid, pyri- 
doxine, riboflavin, biotin, and inositol. In the present report, data 
on the first four of the vitamins named have been summarized. 

While to the authors' knowledge no such comprehensive study has 
been made of rice products, some analyses with regard to several of 
the vitamins have been made on various kinds of rice samples. Nelson 
and Palmer (1942) investigated the thiamine, riboflavin, nicotinic acid, 
and pantothenic acid content of wild rice, and Kik (1943) studied the 
thiamine content of milled fractions and varieties of rice. Innumerable 
studies have been made on the thiamine content of Indian rices. Data 
on pyridoxine, biotin, and inositol for a group of samples such as 
analyzed here have not been available. 

Experimental 

During the height of the 1942-43 milling season, one hundred 
samples were collected from 13 Louisiana mills and one Arkansas mill. 
The collection of samples from many mills rather than one mill was 
held desirable in order to obtain data representative of milled samples 
in general. Samples of rice were collected during the milling season of 
1941-42, but the results of analyses were used for comparison only. 
The samples were divided into two main groups: (1) samples of brown 
rice of six outstanding Louisiana varieties (Blue Rose, Fortuna, Early 
Prolific, Nira, Rexora, and American Pearl) collected for the purpose 
of studying differences among varieties, and (2) samples of* milled 
fractions of three typical varieties (Blue Rose, Early Prolific, and 
Fortuna) for the purpose of studying differences in vitamin content of 
the different milled fractions. 

These milled fractions consist of the products obtained through the 
different operations in the milling process, as more and more of the 
outer coats of the rice grain are removed and as the rice progresses 
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from the original rough state to the finished product. In Louisiana, 
the fractions usually consist of: (1) brown rice, (2) first-break rice, 
(3) second-break rice, (4) brushed rice, and (5) finished rice. The 
by-products of the milling process are rice polish and rice bran, which 
may also be considered milled fractions and consist of the removed 
outer coats of the grain. The samples were analyzed by the following 
procedures: 

Thiamine: An adaptation of the Hennessy and Cerecedo (1939) method for the 
determination of thiamine, as prepared by the Research Corporation Committee on the 
Thioohrome Method, was used. This method was followed in detail, except that the 
isobutanol was reclaimed by agitation with activated charcoal and filtration according 
to the method of Pader (1943). 

Pantothenic acid: The microbiological method of Pennington, Snell, and Williams 
(1940) was followed. It was found that autoclaving the samples with 75 ml of water 
at 15 pounds of pressure for 15 minutes and adjusting to an appropriate volume 
yielded the best results. 

Nicotinic acid: The microbiological method of Snell and Wright (1941) was 
employed. Samples of rice polish and rice bran were hydrolyzed in 0.1 A alkali at 15 
pounds of pressure for 15 minutes, corded, neutralized, and made up to an appropriate 
volume, Brown rice and milled fractions were autoclaved in water solution and 
subsequently treated like the bran and polish. 

Pyndoxine: The Bird, Vandenbclt, and Emmett adaptation of the Scudi colori¬ 
metric method (1941) w r as used. The samples were extracted as for thiamine. It was 
found that more consistent readings were obtained (1) by taking readings 40 minutes 
after the dye solution had been added and (2) by drying the butanol phase with 
anhydrous sodium sulfate before making the readings, in accord with Scudi (1941). 

Conclusions 

With reference to the influence of variety and milling, two con¬ 
clusions were drawn. 


TABLE I 

Comparison of the Vitamin Content of Several Varieties of Brown Rice 1 


Vat ret y 


Vitamin content 


Thiamine 

Nicotinic 

acid 

Pantothenic 

acid 

Pyndoxine 



Mi? P' r £raw 

of dry weight 


Blue Rose 

4.0 

49.3 

16.5 

9.4 

Early Prolific 

4.2 

45.5 

15.9 

10.3 

Nira 

5.2 | 

60.4 

17.3 

10.2 

Rexora 

4.3 

41.8 

15.4 

10.7 

American Pearl 

3.6 

39.1 

14.6 

10.4 

Fortuna 

4.4 

46.9 

18.6 

11.2 

Composite average 

4.3 

46.2 

16.4 | 

10.3 


1 All figures represent averages of a number of samples 


No significant differences in the vitamin content of the different 
varieties were demonstrated. Some slight differences, however, were 
apparent, if one compared the individual varieties with average values. 
The long-grain rices, such as Nira and Fortuna, were highest in vitamin 
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content. The Rexora and Blue Rose occupied an intermediate posi¬ 
tion, and the shorter-grained varieties, Early Prolific and American 
Pearl, were lowest. This finding seemed reasonable, since in general 
the surface area per volume of the grain and hence the area of the 
bran layers is greater in the longer-grain varieties. No sharp distinc¬ 
tions were noticeable, however, and the differences were small (Table I). 

With regard to the effect of milling, the vitamin content was 
found to decrease as the rice progressed through the successive states 
of milling (Table II). This finding was in accord with the generally 


TABLE II 

Comparison of the Vitamin Content of the Milled Fractions of Sevfral 

Varieties of Rice 1 


Vitamin 




Milled fractions 



Variety 

Brown 

rice 

1st 

break 

2nd 

break 

Brushed 

Finished 

Bran 

Polish 

Thiamine 

Blue Rose 

4.0 

1.2 

Mg Per 
1.2 

gram of dr 

0.9 

•y wetght 
0.8 

26.9 

25.9 


Fortuna 

4.4 

1.6 

0.9 

0.5 

' 0.6 

26.6 

28.5 


Early Prolific 

4.2 

2.3 

1.4 

1.0 

1.2 

30.1 

15.6 


Average 2 

4.2 

1.7 

1.2 

0.8 

0.8 

27.9 

23.3 

Nicotinic 

Blue Rose 

49.3 

23.7 

18.2 

13.7 

12.3 

403.6 

403.1 

acid 

Fortuna 

46.9 

20.4 

17.0 

9.3 

9.6 

487.4 

429.8 


Early Prolific 

45.5 

33.2 

29.9 

14.0 

16.1 

334.8 

321.2 


Average* 

47.2 

25.8 

21.7 

12.3 

12.7 

408.6 

384.7 

Pantothenic 

Blue Rose 

16.5 

8.1 

7.5 

7.0 

6.5 

65.9 

94.9 

acid 

Fortuna 

18.6 

8.6 

7.7 

6.1 

6.3 

81.3 

110.6 


Early Prolific 

15.9 

10.5 

8.0 

9.6 

6.5 

66.8 

72.0 


Average* 

17.0 

9.1 

7.7 

7.6 

6.4 

71.3 

92.5 

Pyridoxine 

Blue Rose 

9.4 

4.3 

2.6 

2.6 

2.0 

23.8 

29.1 

Fortuna 

11.2 

7.6 

4.9 

5.2 

5.3 

33.8 

31.2 


Early Prolific 

10.3 

8.8 

7.7 

7.3 

6.2 

38.6 

32.1 


Average* 

10.3 

6.9 

5.1 

5.1 

4.5 

32.1 

30.8 


1 All figuree represent averages of a number of samples. 
* Composite average 


accepted fact that these members of the B-complex were located in 
the bran coats and germ of the rice grain. The greatest drop in 
vitamin content came with the first break, hence demonstrating the 
inadequacy of the oft-proposed idea of marketing an under-milled rice 
as a high source of B vitamins. 

The values obtained for thiamine, nicotinic acid, and pantothenic 
add on the whole were in good agreement with those obtained by other 
workers. The values for the pyridoxint content of finished or polished 
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rice were in agreement with the findings of Swaminathan (1940), but 
the values for rice polish were much higher than those of the latter. 
Differences in methods of milling, amounts of broken rice and hulls 
in the polish, etc., might have been responsible for the disagreement* 
As one may readily see from the data, rice polish and rice bran are 
excellent sources of thiamine, nicotinic acid, pantothenic acid and 
pyridoxins. The brown rice, though lower, is yet a good source. 
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RIBOFLAVIN IN PRODUCTS OF COMMERCIAL RICE 
MILLING AND THIAMIN AND RIBOFLAVIN 
IN RICE VARIETIES 1 

M. C. Kik and Floy B. Van Landingiiam 

Agricultural Chemistry Department, University of Arkansas, 
Fayetteville, Arkansas 

(Received for publication December 15, 1942) 

Reports have been made on the riboflavin content of wheat and 
corn (Conner and Straub, 1941; Andrews, Boyd, and Terry, 1941); rye 
and its milled products (Ihde and Schuette, 1941); and wild rice 


1 Research paper No 771, Journal Series, University of Arkansas, published with „he approval of 
the Director of the Arkansas Agricultural Experiment station. Aided by a grant from the Williams- 
Waterman Fund of the Research Corporation. 
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(Nelson and Palmer, 1942). No such data have been published on 
cultivated rice. r 

This investigation deals with the riboflavin content of proc iucts of 
commercial rice milling. In addition, a few samples of parboiled and 
undermilled rice have been tested. Also included are data r on the 
thiamin and riboflavin contents of different rice varieties obtained in 
four different states—Arkansas, Louisiana, Texas, and California. 

The essential steps in milling, description of the main products and 
byproducts, the obtaining of samples, and the method for tb*e analysis 
of thiamin were described in a previous publication (Kik, 1^42). 

Experimental 

The samples were analyzed for riboflavin by a fluorometric method 
(Conner and Straub, 1941). The method, as used in the laboratory, 
is briefly stated as follows: Samples of 5-10 g (depending on vitamin 
content) are transferred to 200 -ml amber-colored Pyrex Erlenmeyer 
flasks, suspended in 75 ml of O.IJVH 2 SO 4 , autoclaved in a pressure 
cooker for 20 minutes at 15 pounds pressure, cooled, adjusted to pH 4.0 
to 4.5 with 2N sodium acetate solution with brom cresol green as an 
outside indicator. In order to obtain a clear filtrate, 125 mg of takadi- 
astase is added, mixed and incubated at 50°C for 1 hour. After incu¬ 
bation the mixture is cooled, made up to 100 ml, and filtered in the 
dark. Thirty-milliliter aliquots of the clear extracts are used for the 
riboflavin determination, with florosil used as a means of absorption 
and pyridine-acetic acid as* an eluting agent. A blank determination, 
containing reagents and takadiastase, was run simultaneously with 
the samples. 

Results 

Table I shows that rough rice contained an average of 0.67 juR pur 
gram of riboflavin, wjiile brown rice contained 0.53 /iR> or less than 
rough rice. During the milling process considerable losses of riboflavin 
took place. Whole rice of Supreme Blue Rose variety (mill lot 551) 
had a riboflavin content of 0.47 jug per gram, which was reduced in 
milling to 0.28 mr per gram of head rice, which is sold for human con¬ 
sumption. There was a loss of 40.4%. In the second mill lot (606) 
of the same variety, 55.1% was lost. Theother varieties and mill lots 
showed similar losses. Early Prolific lost 45.6% in mill lot 569 and 
47.0% in mill lot 663. Fortuna lost 59.0% and Lady Wright lost 
66 . 6 %, while the loss in Improved Blue Rose amounted to 35.4%. 

The average loss of the seven mill lots was 50.0% of the riboflavin 
originally present in the tyhole brown rice. The average riboflavin 
content of the head rice was n.26 jug per gram, and of the second head, 



Sept., 1943 M. C. KIK AND FLOY B. VAN LANDINGHAM 


565 


0.25 mR per gram. Screenings and brewer’s rice had an average ribo¬ 
flavin content of 0.34 and 0.36 mR per gram, respectively. 

Of the byproducts, rice hulls contained an average of 0.76 mR per 
gram. Rice bran and rice polish were found to be better sources of 
riboflavin than the main products. Rice bran (first break) contained 
an average of 2.68 mR per gram. Second-break bran contained less 

TABLE I 

Riboflavin Contfnt of Products of Commercial Rice Milling 1 


Variety 2 and mill lot 


Products 

Supreme Blue 
Rose 

Early 

Prolific 

For- 

tuna 

Lady 

Wright 

Im¬ 

proved 3 

Blue 

Rose 

551 

606 

569 

663 

635 

768 

778 





M/?te 

MAf/g 



Paddy or rough i ice 

0 58 

0.57 

0.67 

0.57 

0.67 

0.69 

0.93 

From milling or bleaching 




; 




process: 








Whole brown rice 

0 47 

0.49 

057 

0.49 

0.66 

0.57 

0.48 

First break hullcr rice 

0.22 

0.20 

0.38 

0.26 

0.26 

0.28 

0.28 

Second break huller rice 

0.25 

0.20 

0.34 

0.25 

0.24 

0.33 

0.28 

Pearling cone rice 

0.29 

0.20 

0.39 

0.25 

_4 

_4 

0.34 

Brush rice 

0.19 

0 20 

0.38 

0.31 

0 24 

0.28 

0 12 

Finished, clean, polished rice: 








Head rice 

0.28 

0.22 

0.31 

0.26 

0.27 

0.19 

0.31 

Second head rice 

0.22 

0 26 

0.38 

0 24 

0.26 

0.22 

0.20 

Screenings 

0.38 

0.25 

0.41 

0.30 

0.32 

0.38 

0.31 

Brewers rice 

0.40 

0.32 

0.49 

0.38 

0.40 

0.25 

0.38 

Rice byproducts: 








Hulls 

0.66 

0.82 

0.95 

0.64 

0.62 

0.93 

0.71 

First break bran 

3.33 

2.63 

2.66 

2.05 

3 30 

2.80 

2.00 

Second break bran 

1.37 

1 47 

1.84 

1.67 

2.20 

2 02 

1.80 

Pearling cone polish 

1.52 

1 87 

1.59 

1.52 

_4 

_4 

1.62 

Brush polish 

1.26 

1.29 

1.14 

1 44 

1.44 

1.60 

1.18 


1 Obtained from one mill, through the courtesy of the Walton Mill, Inc., Stuttgart. Arkansas. 

2 All varieties are fiom fields which were not fertilized and were irrigated by well water. 

4 Grown m Louisiana 

4 Pearling cones are not used m long gram varieties. 


(1.77 mr/r)- Rice polish (pearling cone) had 1.62 mr/r> and brush 
polish 1.34 mr/r- Both brush and pearling cone polish contained less 
riboflavin than bran, which suggests that most of the riboflavin is 
present in the outer layers of the rice kernel. 

The results of assays of a few samples of parboiled and undermilled 
rice are shown in Table II, and indicate that the riboflavin content in 
milled parboiled rice is somewhat higher than in milled nonparboiled 
rice. A sample of milled parboiled rice of the Nira variety contained 
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0.47 jug per gram and a sample of milled nonparboiled rice of the same 
variety and mill lot contained 0.30 jug per gram. A sample of milled 
Indian parboiled rice contained 0.30 jug per gram, and a sample of 
milled parboiled California rice (Caloro variety) had 0.33 jug per gram, 
compared with an average of 0.26 jug for ordinary milled rice (Table I). 
However, more samples of parboiled rice must be analyzed in order 
to establish this point completely, and the influence of parboiling on 
riboflavin content deserves further investigation. 


TABLE II 

Riboflavin Content of Milled Parboiled and Milled Nonparboiled Rice, 
and Milled and Undermilled Rice 


Variety 

Treatment 

Mi?//? 


Nira 1 

Milled, parboiled 

0.47 


Caloro* 

Milled, parboiled 

0.33 


Indian 3 

Milled, parboiled 

0.30 


Nira 1 

Milled, nonparboiled 

0.30 


Lady Wright 3 

Undermilled 

0.28 


Lady Wright 3 

Milled 

0.19 


Supreme Blue Rose 3 

Undermilled 

0.32 


Supreme Blue Rose 3 

Milled 

0.25 



1 Obtained through the courtesy of Dr. C. R. Adair, Associate Agronomist, U S. Department of 
Agriculture, Bureau of Plant Industry, Rice Branch Experiment Station, Stuttgart, Arkansas. 

* Obtained through the courtesy of the Rice Growers Association of California, Sacramento, 
California. 

* Obtained through the courtesy of the Arkansas Rice Growers Cooperative Association, Stuttgart, 
Arkansas. 

The riboflavin content of undermilled rice is higher than that of 
ordinary milled rice, which is evident from Table II. An undermilled 
sample of Supreme Blue Rose contained 0.32 jug per gram, compared 
with 0.25 jug for the sample of ordinary milled rice. 

Samples of rough rice or paddy, obtained from the state agricultural 
experiment stations of the main rice-producing states, Arkansas, 
Louisiana, Texas, and California, were analyzed for their thiamin and 
riboflavin content. These samples were from the following 18 varie¬ 
ties: Acadia, Caloro, Arkrose, Improved Blue Rose, Prelude, Lady 
Wright, Zenith, Arkansas X Fortuna, Early Prolific, Nira, Calady, 
Calady 40, Colusa, Supreme Blue Rose, Rexora, Fortuna, Japan, and 
Blue Rose. Ten varieties were obtained from Arkansas, 10 from 
Louisiana, 7 from Texas, and 5 from California. One variety (Early 
Prolific) was grown in all four states; Lady Wright, Nira, and Zenith 
were cultivated in three states; the remaining varieties in one or two 
states. The results of these assays are given in Table III. 

It is evident from these data that the thiamin content of rough rice 
is considerably higher than that of riboflavin; the average thiamin 
content of all varieties is 3.85 jug per gram compared with 0.59 jug of 



Sept., 1943 M. C KIK AND FLOY B. VAN LANDINGHAM 


567 


TABLE III 

Thiamin and Riboflavin Content of Paddy or Rough Rice (Harvest, 1941) 
from Rice Varieties from Four Different States 


Variety and location 


Thiamin 

Riboflavin 



wig 

Mlg 


Early Prolific 

SA l 

4.20 

0.64 


CL* 

4.40 

0.54 



BT* 

4.00 

0.61 



BC* 

3.16 

0.50 


Caloro 

SA 

4.00 

0.54 



CL 

4.00 

0.76 



BC 

2.87 

0.66 


Arkrose 

SA 

4.20 

0.60 



CL 

4.00 

0.63 


Acadia 

SA 

3.80 

0.60 



CL 

4.09 

0.83 


Prelude 

SA 

3.31 

0.64 



CL 

3.75 

0.66 


Supreme Blue Rose 

SA 

3.55 

0.57 


Improved Blue Rose 

CL 

4.15 

0.59 


Blue Rose 

BT 

5.06 

0.51 



BT 

3.46 

0.54 



BT 

3.58 

0.52 


Lady Wright 

SA 

4.55 

0.58 


CL 

4.06 

0.52 



BC 

2.75 

0.66 


Nira 

SA 

4.63 

0.62 



CL 

4.74 

0.60 



BT 

3.30 

0.47 



BT 

5.05 

0.43 


Arkansas X Fortuna 

SA 

4.63 

0.62 



CL 

4.13 

0.63 


Zenith 

SA 

3.75 

0.47 



CL 

3.63 

0.64 



BT 

4.00 

0.52 



BT 

3.52 

0.68 


Japan 

BT 

3.46 

0.74 

in 

BT 

3.07 

0.59 

ice 


Rexora 

BT 

3.70 

0.61 



BT 

4.00 

0.45 

jfled 

Fortuna 

BT 

3.58 

0.44 

i f hot 


BT 

4.26 

0.45 

nilled. 

Calady 

Calady 40 

BC 

BC 

2.63 

3.34 

0.6 created 

Colusa 

BC 

3.86 

0 samples 




* the approval 

1 From Rice Branch Experiment Station, Stuttgart, Arkansas. 

the Williams- 


* From Rice Branch Experiment Station, Crowley, Louisiana. 

* From Rice Grading Service, American Rice Growers’ Cooperative Association, B 
4 From Rice Experiment Station, Biggs, California. 
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riboflavin. The highest thiamin content (5.06) was found in a sample 
of Blue Rose grown in Texas, and the lowest (2.63) was from a sample 
of Calady from California. Riboflavin ranged from 0.43 to 0.83 /xg per 
gram. These data indicate that rice varieties differ in thiamin and 
riboflavin content. 

The possible effect of locality on the thiamin and riboflavin content 
can be observed from the data of samples of the same varieties grown 
in different states. Early Prolific from four states showed similar 
thiamin content in Arkansas (4.20), Louisiana (4.40), and Texas (4.00). 
The same variety grown in California had a thiamin content of 3.16 /xg 
per gram. Similar observations were made on thiamin and riboflavin 
content of the varieties Caloro, Lady Wright, and Nira. 


Summary 


The riboflavin content of products of commercial rice milling has 
been determined. 

An average of 50% of the riboflavin was lost during the milling 
process. 

Of the finished, clean products, the end product head rice (sold for 
human consumption) contained an average of 0.26 /xg and second head 
0.25 /xg per gram of dry matter. Screenings and brewer’s rice con¬ 
tained 0.34 and 0.36 /xg riboflavin, respectively. These differences are 
too small to be of any significance. 

Of the byproducts, hulls contained 0.76 /xg, bran from 1.37 to 
3.33 /xg per gram, and rice polish 1.14 to 1.87 /xg per gram. 

Three different samples of milled parboiled rice (prepared in three 
different localities) contained 0.47, 0.33, and 0.30 /xg of riboflavin per 
gram of dry material. 

Two different samples of undermilled rice contained 0.28/xg and 
0.32 /xg, compared with 0.19 /xg and 0.25 /xg per gram in the milled rice. 
I The average thiamin content of all varieties was 3.85 /xg, compared 
r j[th 0.59 /xg of riboflavin. 

He,The thiamin and riboflavin content of rice differed with variety 
Wri locality. 
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THE INFLUENCE QF PROCESSING ON THE THIAMIN, 
RIBOFLAVIN, AND NIACIN CONTENT OF RICE 1 

M. C. Kik and Floy B. Van Landingham 

Department of Agricultural Chemistry, College of Agriculture, 
Fayetteville, Arkansas 

(Received for publication January 8, 1943) 

In previous communications (Kik, 1943; Kik and Van Landingham, 
1943) studies were reported in which a loss of 80% in thiamin and of 
50% in riboflavin in rice, as a result of the milling, were recorded. To 
prevent such losses, a new rice milling procedure should be developed 
or the same process of milling should be applied to a different type 
of rice. 

A survey of the literature revealed that an English firm has de¬ 
veloped and patented a process (H.R. Rice Conversion, 1940) that 
produces a new type of rice. The firm claims that its finished milled 
product, the so-called converted rice, has a thiamin content much 
higher than that of ordinary milled white rice. The vitamin was 
determined by the rat bradycardia method. 

Studies on methods for the retention of thiamin in rice have been 
conducted in the Philippine Islands (Diy, 1941), where a qualitative 
histological procedure for the determination of the thiamin content 
was used. From these investigations the author concluded that 
husked, unpolished rice retains a large proportion of the thiamin 
content after it has been steamed under reduced pressure at a tempera¬ 
ture ranging from 50° to 60°C, dried, and milled. 

This paper reports studies on the thiamin, riboflavin, and niacin 
content of rice processed according to the principles of the H. R. Rice 
Conversion method. 

Sixty-gram samples of rough rice were cleaned with cold distilled 
water and the wet grains were successively exposed to vacuum, hot 
water under pressure, and steam. They were finally dried and milled. 
In order to insure the same degree of milling, treated and untreated 
samples were milled for the same length of time. The milled samples 

1 Research paper No. 772, Journal Senes, University of Arkansas. Published with the approval 
of the Director of the Arkansas Agricultural Experiment Station. Aided by a grant from the Willuuns- 
Waterman Fund of the Research Corporation. 
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were ground and suitable amounts were weighed for vitamin analyses. 
The technique for the determination of thiamin and riboflavin has 
been described in previously mentioned papers and nicotinic acid was 
determined according to the method of Melnick (1942). 

The thiamin, riboflavin, and niacin contents of six samples each of 
unmilled rough rice, converted milled rice, and unconverted milled 
rice are presented in Table I. Samples 7, 18, and 23 were from rice 
of the same lot and the same variety (Early Prolific) and processed in 
the laboratory. Samples C and D were from rice of the Rexora 
variety and from different lots, Sample 100 was from rice of the Nira 
variety, and all were obtained from a plant in Houston, Texas—the 
first two from the pilot plant and the latter from the manufacturing 
plant. The method of processing in the laboratory differed slightly 
in details from the method used in the plant, the differences being 
related to duration of vacuum application and exposure to hydraulic 


TABLE II 

Distribution of Thiamin, Riboflavin, and Niacin in Rice Hulls 
and Rice Bran Before and Aftfr Conversion 



Thiamin 

1 

Riboflavin 

Niacin 


Hulls 

Bran 

Hulls 

Bran 

Hulls 

Bran 


Before 

\fter 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 


MAf IR 

HRIR 

hr!r 

hrIr 

hr/r 

vrIr 

hrIr 

hrIr 



hrIr 


o 

3.41 

1.81 

21.0 

6.80 

.620 

.470 

2.79 

1.90 

48.5 

29.8 

258.0 

230.0 

D> 

2.62 

1.18 

20.0 

7.72 

.660 

.557 

2.41 

1.01 

45.0 

33.0 

201.0 

170.0 


1 Obtained through (ourtesy of the James and Harwell Company, manufacturers of converted rice, 
Houston, Texas. 


pressure. In all cases, the processing took place without reuse of the 
steeping water. Results of further work in progress will disclose 
the conditions of processing (duration and extent of vacuum and 
hydraulic pressure) under which the maximum retention of the water- 
soluble nutrients occurs. The data show that this process has a 
favorable influence on the thiamin, riboflavin, and niacin content of 
the milled rice. 

Whereas with the old method the retention of thiamin amounted 
to 22.2% (Sample 7), a retention of 63.5% was obtained after con¬ 
version; thus the difference was 41.3% in favor of the conversion. 
Such differences varied from 34.3% with Sample 18 to a difference of 
63.5% with Sample D. The riboflavin showed less difference in reten¬ 
tion before and after conversion. The range was from 15.8% in 
Sample 23 to 33.9% in Sample 7. The conversion process also brought 
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about a greater difference in retention of niacin, which ranged from 
30% in Sample C to 61.2% in Sample 23. All these differences favored 
the conversion method. 

In Table II, data are shown on the distribution of thiamin, ribo¬ 
flavin, and niacin in rice hulls and rice bran.before and after conversion. 
The thiamin content of rice hulls of Lot C was 3.41 pg per gram before 
conversion and 1.81 pg per gram after conversion. The thiamin con¬ 
tent of rice bran was 21.0 jug before and 6.80 /ig per gram after process¬ 
ing, which indicates that the thiamin was lost from the hulls and bran 
layers. Similar observations can be made for riboflavin and niacin in 
this lot and for all these vitamins in Lot D. It is evident from these 
data that losses of these water-soluble vitamins occurred in the outer 
layers of the kernels. 

Summary 

The thiamin, riboflavin, and niacin content of rice was determined 
before and after conversion and it has been found that this method of 
processing favors the retention of these vitamins. 
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BROMINE RESIDUES FROM METHYL BROMIDE 
FUMIGATION OF CEREAL PRODUCTS 

H. D. Young, R. H. Carter, and S. B. Soloway 

Bureau of Entomology and Plant Quarantine, Agricultural Research Administration, 
U. S Department of Agriculture, Washington 

(Received for publication December 14, 1942) 

The Increasing use of methyl bromide as a fumigant for cereal 
products raises the question of a residue in the fumigated product. 
Stenger, Shrader, and Beshgetoor (1939), working with laboratory 
fumigation, report a gain of 91 parts per million in bromine 1 content 

1 The word “bromine” is used throughout this paper to refer to the element without regard to the 
form in which it was present in the samples that were analyzed. 
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of whole-wheat flour due to fumigation. Neither the dosage nor the 
time of exposure is given, but both were probably in the range of 
fumigation practice. 

Dudley, 2 Miller, Neal, and Sayers (1940) report the bromine con¬ 
tent of white flour as 111 ppm and of whole-wheat flour as 74 ppm 
following laboratory fumigation with a dosage of 2 pounds per 1,000 
cubic feet and an exposure of 24 hours. They also report the results 
of commercial fumigations in which the bromine content of white flour 
ranged from about 47 to 72 ppm when the dosage was 1 pound per 
1,000 cubic feet and the exposure 24 hours. In the latter case the 
samples were taken from the mill 48 hours after completion of the 
fumigation. 

Roehm, Shrader, and Stenger (1942) report the total bromine con¬ 
tent of commercially fumigated white flour as 23, 25, and 28 ppm with 
dosages of 0.083, 0.125, and 0.104 pound of methyl bromide per 1,000 
pounds of load at temperatures from 51° to 84°F and an exposure of 
£4 hours. 

Laug (1941) reports a bromine content of 411 ppm in flour 48 hours 
after a 24-hour laboratory fumigation with a dosage of 6.9 volume per¬ 
cent of methyl bromide (equivalent to 16.3 pounds per 1,000 cubic feet). 

The purpose of the present investigation was to determine the 
quantity of residual bromine following the use of methyl bromide in 
various commercial fumigation practices. There are in general four 
ways in which methyl bromide is used as a fumigant for cereal products. 
First, mills and warehouses are fumigated as a whole (usually at a 
dosage of 1 to 2 pounds of methyl bromide per 1,000 cubic feet of 
space); second, vaults of varying size are used for fumigating infested 
products or containers such as returned bags; third, infested material 
is stacked and fumigated under tarpaulins; and fourth, cereal products 
are loaded into box cars and fumigated, the box cars in a sense serving 
as fumigation vaults. Under all four methods of actual commercial 
practice, samples of flour or other commodities were collected and 
analyzed for bromine content. 

Analytical Procedure 

Several methods for determining small amounts of bromine in 
biological materials, fruits and vegetables, flour, and other foodstuffs 
have been published in recent years (see Literature Cited). The 
procedure that we have used in applying the methods to cereal and 
forage products is as follows; 

A 10-g sample, ground if necessary, is weighed out in a porcelain 
dish and treated with 3 ml of saturated sodium chloride solution and 

2 Dudley and Neal (1942) have more recently determined methyl bromide residues in various 
classes of fumigated pxoducts and discussed their relation to consumer hazard. 
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40 ml of 2% alcoholic solution of potassium hydroxide and mixed 
thoroughly. After evaporation of the alcohol and drying on a steam 
bath, the sample is ashed in a muffle furnace at 250°C. The door of 
the muffle is kept slightly open to permit escape of smoke, and when 
the smoking has almost ceased the temperature is raised to 400°C and 
finally, after 30 minutes, it is controlled at S00°C for 45 to 60 minutes. 
At no time should this final temperature be exceeded. 

After being cooled, the residue is extracted with two 25-ml portions 
of 1 : 50 hydrochloric acid. The extracts are filtered through a folded 
filter, the residue is transferred to the filter with 10 ml of water, and 
both residue and paper are washed with two additional 10-mi portions 
of water, the filtrates being caught in a 500-ml Erlenmeyer flask. The 
filter paper is returned to the dish and treated with 3 ml of the sodium 
chloride solution and 10 ml of alcoholic potassium hydroxide. The 
drying and ignition are repeated as before, except that the ashing can 
be started at 400°C. The residue is extracted with 25 ml of the dilute 
hydrochloric acid, and the washings are repeated as before, the filtrates 
being caught in the same flask. 

The combined filtrates arc neutralized with 2% aqueous sodium 
hydroxide, using methyl orange as indicator, and evaporated to about 
100 ml. To the solution are added about 1 g of sodium dihydrogen 
phosphate, 5 ml of sodium hypochlorite solution (IN NaOCl in 
O.liVNaOH), and 5 ml of 2% sodium hydroxide. The mixture is 

TABLE I 

Bromine Content of Unfumigated Cereal and Forage Products 


Material Bromine 



ppm 

Oatmeal feed 

21 

Flour 

14 

Alfalfa hay 

13 

Alfalfa-leaf meal 

22 

Corn meal 

24 

Corn flour 

23 

Wheat-germ meal 

44 

Rice bran 

13 

Rice polish 

17 

Mung beans 

37 


boiled gently for 10 minutes; after 1 minute 5 ml of cp sodium formate 
solution (50 g in water to make 100 ml) is introduced, and the boiling 
is continued for 10 minutes. The solution is cooled and treated with 
1 drop of 1% sodium molybdate solution, 0.5 g of potassium iodide, 
and 10 ml of 12 N sulfuric acid. Titration is made immediately with 
standard sodium thiosulfate, starch indicator being added just before 
the end point. 
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Cp chemicals are used throughout the procedure, and a reagent 
blank is determined. One milliliter of O.OliY thiosulfate is equivalent 
to 0.1332 mg of bromine. It should be remembered that this method 
includes iodine as well as bromine. 

The average recovery of known amounts of potassium bromide 
added to 12 samples of different materials was 97.2%, with a high of 
100.5 and a low of 94.8. 

Before the amount of bromine residues resulting from fumigation 
could be determined, it was necessary to determine the bromine content 
of unfumigated materials. The results of analyses of unfumigated 
samples representing several classes of cereal and forage products are 
given in Table I. 


Mill and Warehouse Fumigation 

The data for two mill fumigations are presented in Table II. It 
was impossible to get complete information for mill A. Mill B is a 
modern mill of brick and concrete construction with tightly fitting 

TABLE II 

Bromine Contfnt of White Flour in Mill and Warehouse Fumigation 


Mill 

! 

Tempera¬ 

ture 

Dosage 

Position from which samples 
were taken 

Total 

bromine 

Bromine 
due to 
fumigation 


°F 

os per 
1,000 tu ft 


ppm 

ppm 

A 

72-75 

16 

Check (not fumigated) 

21 

— 




First floor of warehouse 

35 

14 




Second floor of warehouse 

36 

15 

B 

70-75 

13.6 

Check (not fumigated) 

18 

— 




Seventh floor of mill 

32 

14 




Sixth floor of mill 

38 

20 




Fifth floor of mill 

34 

16 




Fourth floor of mill 

34 

16 




Third floor of mill 

36 

18 




Second floor of mill 

38 

20 




First floor of warehouse 

44 

26 


steel window sashes; its capacity is 823,000 cubic feet. In mill B, 700 
pounds of methyl bromide were used, piped into the mill as follows: 
225 pounds to the basement and first floor, 190 pounds to the second 
and third floors, 135 pounds to the fourth and fifth floors, and 150 
pounds to the sixth and seventh floors. 

The door from each floor into the stair well was closed but not 
sealed. The mill was fumigated between 4:30 and 6 pm, and it was 
opened the following morning at 11 o’clock. Twenty-four hours later 
samples were collected in glass jars, as indicated in Table II. 
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The bromine contents of these samples were low, but entomologists 
cooperating with the authors reported better than 99% kill of the 
insects. 

Vault Fumigation 

Table III gives the data for a series of fumigations of oatmeal in 
two vacuum vaults of different size. In each fumigation the vault was 
evacuated to a pressure of 2 inches of mercury and the gas was re¬ 
circulated for IS minutes. Under these conditions the quantity of 
bromine retained by the fumigated product reached much higher levels 
than in the mill fumigations of flour, the maximum concentration 
being 247 ppm. 


TABLE III 

Vacuum Vault Fumigation of Oatmeal with Methyl Bromide 


Capacity 
of vault 

Oatmeal 
in vault 

Exposure 

Dosage 

Tempera- J 
ture 

Total 

bromine 

Bromine 
due to 
fumigation 

cuft 

tons 

hours 

lbs per 1,000 

J os per ton 

°F . 

ppm 

ppm 




cuft 






Check (not fumigated) 


— 

21 

— 

357.5 

5.0 

3 

3 

3.43 

69 

70 

49 


5.9 

3 

4 

3.88 

72 

113 

92 


6.0 

3 

5 

4.77 

70 

174 

153 


1.0 

3 

3 

17.2 

70 

40 

19 


1.0 

3 

2 

11.4 

72 

76 

55 


6.0 

4 

5 

4.77 

68 

105 

84 


6.0 

15 

3 

2.86 

70 

155 

134 

1,800 

31.0 

15 

5 

4.64 

70 

268 

247 




2 

1.86 

70 

139 

118 


Data on fumigation in an atmospheric vault of 800 cubic feet ca¬ 
pacity are given in Table IV. In the first four fumigations two one- 
quart pasteboard cartons filled with wheat-germ meal were put in the 
vault along with the load. At the end of the fumigation one carton 
was allowed to stand three weeks and was therefore subjected to con¬ 
siderable aeration before its contents were analyzed, while the con¬ 
tents of the other were transferred to a glass jar to avoid loss of bromine 
through aeration. 

The data on the linseed and cottonseed meal are included to show 
the rate of loss of bromine from fumigated materials of this nature. 

Fumigation under Tarpaulins 

Table V presents the data for tarpaulin fumigation. The rela¬ 
tively high dosages used caused a large quantity of bromine to be left 
in the flour. 
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TABLE IV 

Atmospheric Vault Fumigation of Various Cereal Products 


Commodity 

analyzed 

Load in 
vault 

Dosage 

Temper¬ 

ature 

Exposure 

Total 

bromine 1 

Bromine 
due to 
fumigation 


tons 

os per 1,000 

| os per ton 

op 

hours | 

ppm 

ppm 



cuft 








Check (not 

fumigated) 

— 

— i 

44 

— 

Wheat-germ 

1 

15 

12 

80 

12 

(a) 113 

69 

meal* 






(b) 106 

62 


2 

20 

8 

80 

12 

(a) 118 

74 







(b) 113 

69 


2 

25 

10 

74 

12 

(a) 112 

68 







(b) 122 

78 


1 

10 

8 

74 

16 

(a) 93 

49 







(b) 78 

34 

Wheat flour 

1 

Check (not 

fumigated) 

— 

— 

23 

_ 


1 

1 

20 

i 16 

78 

12 

45 

22 


Commodity analyzed 

Dosage 

Exposure 

Time held before 
analysis 

Total 

bromine 


os per ton 

hours 


ppm 

Cottonseed meal 

3 

3 

1 hour 

144 




24 hours 

74 




7 days 

67 

Linseed meal 

3 

3 

1 hour 

108 




24 hours 

68 




7 days 

60 


'Samples transferred to jar indicated by (a); samples held in carton alter fumigation indicated 
by (b) 

* The vault was loaded with corn flour in the first three fumigations and with corn meal in the 
fourth. Wheat-germ meal in a pasteboard carton was also put in vault. 


TABLE V 

Fumigation under Tarpaulins 


Commodity 

Quantity 

Exposure 

Dosage 

Total 

bromine 

Bromine due 
to fumigation 


tons 

hours 

oz Per ton 

ppm 

ppm 

Wheat flour 

7 

20 

4.5 

92 

77 





99 

84 

Mung beans 

15 

— 

3.2 

81 

44 

Check on wheat flour 

— 

— 

15 

— 

Check on mung beans 

— 

— 

37 



Box Car Fumigation 

A box car loaded with 100,000 pounds of wheat flour was fumigated 
with 10 pounds of methyl bromide and then shipped from Kansas City 
to Chicago. On its arrival samples of flour were sent to Washington 
for analysis. The car had been 3 days in transit and the temperature 
was approximately 90°F. The flour was found to contain 62 ppm of 
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bromine. A sample of the same flour taken 4 weeks later showed 60 
ppm of bromine and a third sample after another week also analyzed 
60 ppm. No check was taken. 


Summary 

Cereal products that had been fumigated with methyl bromide were 
analyzed to determine what bromine residues might be expected from 
such treatments. Samples were taken after commercial fumigations 
by four methods—(1) fumigation of the entire mill or warehouse, (2) 
fumigation in vacuum or atmospheric vaults, (3) fumigation under 
tarpaulins, and (4) fumigation of box cars. The results indicate that 
commercial fumigation practices can be expected to increase the bro¬ 
mine content of flour and other cereal products. The increases ranged 
from practically nothing to 247 ppm, or nearly 12 times the amount 
originally present. In most cases, however, the fumigated product 
contained less than twice the original amount. Vacuum vault fumi¬ 
gation apparently caused larger bromine residues than other practices. 
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THE USE OF STATISTICAL METHODS IN QUALITY 
EVALUATION OF BARLEY AND MALT DATA 1 

J. H. Torrie and J. G. Dickson 2 

University of Wisconsin and Division of Cereal Crops and Diseases, 

Bureau of Plant Industry, Agricultural Research Administration, 

U. S. Department of Agriculture, Madison, Wisconsin 

(Read at the Annual Meeting, May 1942) 

In the quality evaluation of certain agricultural crops, limitations 
imposed by the physical capacity of the laboratory, or the nature of 
the samples available, often make it necessary to study a sample which 
is a composite of several replicated plots or a composite of a large 
number of samples from a given area. This is especially true when 
such data are obtained for a number of stations, or locations, over a 
period of years. The purpose of this paper is to illustrate the use and 
the interpretation of certain statistical methods in the analysis of data 
of this type. Wherever possible, however, it is desirable (for each 
factor studied) to make separate determinations for each replicate in 
place of one determination on the composite sample. 

The “Barley and Malt Laboratory” at Madison since 1934 has 
evaluated, for different barley and malt characters, a number of 
standard barley varieties grown at representative experiment stations 
in the North-Central and Western states. Physical limitations of the 
laboratory necessitated the use of composite samples from the repli¬ 
cated plots. The data used in the present study are for 5 varieties 
grown at 6 stations during the 4-year period, 1935 to 1938. The 
original data have been presented by Dickson et al (1940, 1942). The 
stations included in the study reported here were East Lansing, Mich., 
Urbana, Ill., Madison, Wis., Waseca, Minn., Kanawha, la., and 
Brookings, S. I). 

The interpretation of the large mass of data present problems in the 
statistical analysis. The data were studied first by the analysis of 
variance, using the three-factor interaction, variety X station X year, 
as the estimate of the experimental error (Dickson et al 1940). In order 
to obtain additional information on ranking of the varieties for the 
various factors at the different stations and in the different years, the 

1 Based on cooperative investigations between the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry. Agricultural Research Administration, U. S Department of Agriculture, and the 
Wisconsin Agricultural Experiment Station The cooperative investigations include the agricultural 
experiment stations of California, Colorado, Illinois, Iowa, Michigan, Minnesota, Montana, Nebraska, 
North Dakota, South Dakota and Wisconsin, where the uniform bailey varietal senes were grown. 
The Federal WPA has contnbuted to the research program through a grant under the University of 
Wisconsin WPA Natural Science Project. The United States Maltsters Association has cooperated 
through an industrial fellowship grant to the University of Wisconsin. 

* Assistant Professor in Agionomy, and Professor of Plant Pathology, University of Wisconsin and 
Agent, Division of Cereal Crops and Diseases. The authors wish to thank Dr. Churchill Eisenhart for 
liis counsel in selecting the methods of statistical analysis, for deriving the t tests appropriate to testing 
individual interactions, and for his assistance in the preparation of the manuscript. 
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data were analyzed subsequently (1942) in more detail by two addi¬ 
tional methods which differ somewhat from each other. 

The two additional methods of analysis are illustrated here, using 
only a part of the data presented in the analysis of variance. Diastatic 
power of malt, yield of grain in bushels per acre, and protein content of 
barley are used to show the comparison between the three methods of 
analysis. 

The variety X station and the variety X year interactions were 
separated into their component parts. The separation of the variety 
X station interaction into its 30 components provides a measure of the 
discrepancy of the actual reaction of each variety at each station from 
an expected value based on both the reactions of the variety and station 
in question. The variety X year interaction is analyzed in a similar 
manner. 

The linear regression between the varietal mean at each station with 
the mean of all five varieties at each station was calculated for each 
variety. The regression analysis determines whether there is any 
difference among varieties in the reaction, for the character under con¬ 
sideration, in relation to the mean reaction of all varieties from stations 
with low values to those with high values. For example, as will be 
seen later, the spread in the diastatic power of Oderbrucker in relation 
to that of Wisconsin Barbless is much greater at stations with a high 
mean diastatic power than those with a low mean. This latter method, 
therefore, does not measure exactly the same thing as the former, 
although it offers a further check upon interpretation of the data. 

The Use of the Analysis of Variance 

The use of composite samples presented the problem of finding a 
valid estimate of experimental error. The three-factor interaction, 
variety X station X year, was used in all cases as the best available 
estimate of the experimental error. Before this was done, the mean 
squares for variety X year at each station and the mean squares for 
variety X station for each year were tested, respectively, for homo¬ 
geneity by the use of Bartlett’s test (1937). The tests for homogeneity 
showed that the variety X year interaction mean squares for the sta¬ 
tions included in the present study and variety X station interaction 
mean squares for each year were relatively homogeneous. An analysis 
including 4 he results from Bozeman, showed that the interaction for 
some of the characters were not homogeneous. The principles and 
tests applicable to this problem were discussed by Ozanne. 8 The F 
values for the several factors are given in Table I. All F values given 

* P* R. Ozanne. Unpublished paper prepared m conjunction with Dr. C. Eisenhart, University of 
Wisconsin, 1940 
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in this table were obtained by using the three-factor interaction, 
variety X station X year, as the experimental error. The variety 
mean squares were compared with the three-factor interaction variety 
X station X year, mean squares in place of variety X station mean 
squares for two reasons. In the first place, as pointed out by Yates 

TABLE I 

Analysis of Variance for Five Barley Varieties (Oderbrucker, Manchuria, 
Wisconsin Barbless, Velvet and Trebi) Grown at Six Stations 
(East Lansing, Mich., Urbana, III., Madison, Wis., Waseca, 

Minn., Kanawha, 1 Ia., and Brookings, S. D.) for 
Four Years (1935 to 1938) 



Source of variation with F values 


Factors for which F values 
were determined 

Vari¬ 

eties 

Years 

Sta¬ 

tions 

Vari¬ 

eties 

X 

sta¬ 

tions 

Vari¬ 

eties 

X 

years 

Sta¬ 

tions 

X 

years 

Error 

mean 

square 

Yield of barley per acre,* bu 

68.5 

40.8 

178.4 

2.9 

3.6 

40.9 

12.74 

Test weight of barley, dry basis, lb 

2.7 

30.0 

100.4 

2.1 

1.8 

35.6 

1.47 

Kernel weight of barley, dry basis, mg 

97.9 

16.8 

65.7 

0 8 

0 7 

13.1 

2.81 

Hull content of barley, dry basis, % 

5.1 

74.7 

15 3 

0.7 

1.2 

6.4 

1.90 

Ash content of barley, dry basis, % 

16.3 

83 7 

32.4 

0.7 

1.7 

9.4 

0.017 

Protein content of barley, dry basis, % 

Time required in steep to reach 46% moisture, 
est., hr 

10.4 

5.7 

55.6 

0.7 

0.8 

9.1 

0.75 

25.2 

6.2 

45.8 

1.7 

3.6 

16 2 

23.96 

Recoveiy of malt from barley, dry basis, % 

9 9 

39 2 

8 2 

06 

1 9 

4 1 

2.45 

Extract content of malt, fine grind, dry basis. % 

18 2 

39.0 

108.5 

06 

1.4 

21.5 

1.065 

Conversion time, mm 

13.0 

1.8 

50 

1.6 

0.9 

4 1 

5.83 

Diastatic power of malt, °L 

56 0 

7.9 

37 0 

1 6 

2.2 

9.6 

339.50 

Ratio, wort nitrogen to malt nitrogen. % 

75.3 

14.5 

59 

08 

0.9 

5.4 

4.33 

Degrees of freedom 

4 

3 

5 

20 

12 

15 

60* 

0.05 level 

2.52 

2.76 

2 37 

1 75 

1.92 

1.83 

— 

0 01 level 

3.65 

4 13 

I 

3.34 

2.26 

2.50 

2.36 

— 


1 Barleys were grown at Emmetsburg, Ia , m 1935. 

* Yields were not obtained at East Lansing, Mich , in 1938, values were interpolated. 

* Variety X station X year interaction was used as error; see text. 


and Cochran (1938), there is no reason to suppose that the varietal 
differences from station to station are the same for each pair of varie¬ 
ties. Secondly, in order to justify the comparison of the variety mean 
square with the variety X station mean square, each year a new set of 
stations selected at random from the entire area sampled should be used. 

Separation of Varietal Interactions into Component Parts 

A significant F for variety X station interaction indicates that cer¬ 
tain of the varieties at some of the stations respond differently from 
certain other varieties. In order to determine which varieties reacted 
significantly different from expectation at the respective stations, the 
sums of squares for the variety X station interactions was separated 
into individual components measuring the discrepancy of the four-year 
mean of each variety at each station from that expected on the hy¬ 
pothesis of no interaction. The procedure followed was a modifica- 
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lion of the method described by Cochran (1937) and Yates and 
Cochran (1938). 

The 20 degrees of freedom for the variety X station interaction 
were separated into 30 somewhat interdependent component parts, one 
for each variety-station comparison. Similarly, the 12 degrees of 
freedom for the variety X year interaction were separated into 20 
somewhat interdependent component parts, one for each variety-year 
comparison. The analysis employed follows. 

The deviation of the four-year mean response of the ith variety at 
the jth station (V X S)ij from that expected on the hypotheses of no 
interaction was obtained by the following equation: 

(V X S)ij = Xij - XL - X.j + X.. (1) 

where Xij is the 4-year mean response of the ith variety at the jth 
station, Xi. is the 4-year mean response of the ith variety at all 6 
stations, X.j is the 4-year mean response of all 5 varieties at the jlh sta¬ 
tion, X.. is the 4-year mean response of all 5 varieties at the 6 stations. 
For example, the deviation of the diastatic power of Trebi malt at 
Kanawha from that expected on the basis of no interaction, using the 
data in Table III, is 


146 - 156 - 148 + 168 = 10 


The deviation of the actual values from the expected were tested 
for significance by the / test as below 


/ 


(VXS)ij 


4 


Error mean square 
4 


2 

3 


( 2 ) 


The degrees of freedom, 60, are those associated with the error mean 
square. The error mean square was divided by 4 because each variety 
value is the mean of 4 years’ data. The factor 2/3 is a correction for 
the interdependence of the 4 quantities of which the numerator of 
equation 2 is a linear function. It will be noticed that the correction 
2/3 is directly proportional to 20/30, namely, the degrees of freedom 
for variety X station (20) and the total number of variety X station 
comparisons (30). The formal explanation is as follows: when i — 1 
and j = 1, equation 1 can be rewritten in the following manner: 

Xu — Xn Xlj X\\ + £ Xi\ 

(VXS) n =-^- 

Xn + £ Xn + £Xi j +ZZ Rij (3) 

_j__»r?_ r 2 v rl 

^ 30 
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where (7 X 5)nis the deviation of the actual value of the 4-year mean 

of variety 1 at station 1, Xu, from the expected value based on no 
6 

interaction, £ X\j is the sum of the 4-year mean response of variety 1 

7-2 

5 

at the other 5 stations, £ Xil is the sum of the 4-year mean responses 

i-2 

5 6 

of the other 4 varieties at station 1, and £ ]T Xij is the sum of the 

i «*2 j —2 

4-year mean responses of varieties 2 to 5 at stations 2-6. The right 
side of equation 3 reduces to 

+ < 4 > 

Simplifying equation 4 we get, 

X " (55 )-£*«( To ) - 5 *» (lo) + 5 5(35) (» 

The variance of (V X S)n in relation to error variance is then, 

<'' xs >"-[(i) , + (5o) !4 +(si)' s 


variance 


which reduces to 


+ (^q) 4 • 5 j [error variance] (6) 


Variance (V X S)n 

1 2 
= - ^ 2 [400 + 80 + 100 + 20] (error variance) = ^ (error variance) 

Since similar steps can be carried out for any pair of values i and j, the 
result is true generally. In order to determine how large a difference 
was necessary between the actual and expected values to be significant 
at the 0.05 (or 0.01) level of significance, equation 2 was written as 
below, 

(V X S)ij _ [,.05 (or,.01) forOOd.f.] • (8) 

For example, the difference necessary for significance at the 0.01 level 
between the observed and expected diastatic power of malt is 

133 9.50 "2 _ M 
2 - 66< v /- t -‘3 = 20 
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The interaction variety X year was analyzed in a similar manner; 
the deviation of the mean response at all stations for each year from 
that expected on the basis of no interaction was determined by 
equation 9: 

(V X Y)ik = Xik - Xi. - X.k + X .. (9) 


where Xik is the mean response at all 6 stations of the ith variety in 
the feth year, Xi . is the mean response at all stations of the ith variety 
for all 4 years, X.k is the mean response at all 6 stations of all 5 varieties 
in the kth. year, and X .. is the mean response of 5 varieties at the 6 
stations for the 4 years. The ( V X Y)ik values were tested for sig¬ 
nificance as below 


t = 


(FX Y)ik 


4 


Error mean square 3 
6 ' 5 


( 10 ) 


It will be noticed that the correction 3/5 is directly proportional to 
12/20, namely the degrees of freedom for variety X year (12) and the 
total number of variety X year comparisons (20). 


TABLE II 

Interaction of the Five Barley Varieties at the Six Stations (Data for 
the Four Years Combined) and in the Four Years (Data for 
the Six Stations Combined). 

(The F values for interactions compared with the number of significant interac¬ 
tions determined at the 0.05 and 0.01 levels. See Table I for stations and years 
included.) 


Factors 

Interaction based on 
analysis of variance. 
Table I 

Number sig¬ 
nificant varietal 
interactions 1 

Coeffi¬ 

cient 

of 

vari¬ 

ability 

Error 

mean 

square 

F value 
varie¬ 
ties X 
stations 

F value 
varie¬ 
ties X 
years 

Varieties 

X 

stations 

Varieties 

X 

years 

0.05 

0.01 

0.05 

0.01 

Yield of barley, per acre, bu 

12.74 

2.9 

mm 

n 

n 

n 

4 

10.6 

Test weight barley, dry basis, lb 

1.47 

2.1 

P| 

mm 

Efl 

Efl 

1 

3.2 

Kernel weight barley, dry basis, mg 

2.81 

0.8 


1 

0 

1 

0 

6 5 

Protein content barley, % 

0 75 

0.7 

0.8 

0 

0 

0 

0 

5.2 

Time required m steep to reach 46% mois¬ 









ture, hr 

23 96 

1.7 

3,6 

4 

2 

6 

3 

15.7 

Recovery of malt from barley, dry basis, % 

2.45 

0.6 

1.9 

0 

0 

3 

1 

1,9 

Extract content malt, dry basis, % 

1 06 

0.6 

1.4 

0 

0 

3 

1 

1.4 

Diastatic power malt, °L 

339 50 

1,6 

2.2 

4 

1 

3 

1 

glgfMjH 

Ratio wort nitrogen to malt nitrogen, % 

4.33 

0.8 

0.9 

1 

0 

0 

Ha 

6.1 

F value 0 05 level 


1.75 

1.92 






F value 0.01 level 


2.20 








1 Determined by modification of the Yates and Cochran method described in the text. 


The number of components for both variety X station and variety 
X year comparisons which exceed the 0.05 and 0.01 levels of significance 
are tabulated in Table II. 
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An examination of the data in Table II shows that there is a fair 
agreement of the F value for the interactions variety X station and 
variety X year with the number of varieties which show a significant 
departure from the values expected on the basis of no interaction. For 

TABLE III 

Four-Year Mean Diastatic Power of Malt, Mean Yield in Bushels per 
Acre and Mean Protein Content of Barley of Each of the 
Five Barley Varieties at Each of the Six Stations 

(Interactions exceeding 0.05 single starred, exceeding 0.01 double starred; -f- or 
— indicates value greater or less than expected on basis of no interaction) 



Station 

Variety 

mean 

Variety 

East 

Lansing 

Urbana 

Madison 

Waseca j 

Kanawha 

Brookings 


diastatic power of malt 


Trebi 

Wisconsin 

146 

135 

129 

1 

157 

154 

213 

156 

Barbless 

128**4- 

130 

110 

133 

134 

155**- 

131 

Velvet 

136 

156 

143 

163 

162 

201 

160 

Oderbrucker 

151*- 

174 

182 

175 

211 

254*+ 

191 

Manchuria 

178 

187 

185 

195 

208 

253 

201 

Station mean 

148 

156 

150 

165 



168 


yield of barley, bushels per acre 


Trebi 

Wisconsin 

31.3**- 

51.5*+ 

30.1*- 

60.1*+ 

37.5 

28.2 

39.8 

Barbless 

38.0 

43.2**- 

33.9 

57.8 

36.4 

25.4 

39.1 

Velvet 

34.0*+ 

40.0 

26.3 

47.1*- 

34.0 

21.0 

33.7 

Oderbrucker 

25.9 

40.0*+ 

23.6 

39.7**- 

22.4 

15.0 

27.8 

Manchuria 

22.2 

36.0 

20.5 

45.2 

24.1 

14.4 

27.1 

Station mean 

30.3 

42.1 

26.9 

50.0 

30.9 


33.5 


protein content of barley 


Treib 

Wisconsin 

12.4 

12.2 

32.3 

12.9 

13.9 

15.8 

13.2 

Barbless 

13.0 

12.7 

12.9 

13.0 

13.9 

16.5 

13.7 

Velvet 

12.9 

13.1 

13.5 

13.8 

14.3 

16.3 

14.0 

Oderbrucker 

12.6 

13.6 

14 1 

14.0 

14.8 

18.0 

14.5 

Manchuria 

13.4 

13.5 

14.0 

14.9 

14.7 

17.1 

14.6 

Station mean 

12.9 

13.0 

13.4 

13.7 ! 

14.3 

16.7 

14.0 


the interactions variety X station and variety X year there are re¬ 
spectively 30 and 20 comparisons. For yield of barley in bushels per 
acre the F value for both interactions exceeds the 0.01 level of sig¬ 
nificance. There are 9 and 5 individual interactions exceeding the 
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0.05 level, of which 3 and 4 exceed the 0.01 level, respectively, for 
variety X station and variety X year interactions. Interactions which 
approach the 0.05 level, such as steeping time and diastatic power for 
variety X station, have 4 individual comparisons each exceeding the 
0.05 level and 2 and 1, respectively, exceeding the 0.01 level. The 
interactions, which have an F value near 1, show at the most only one 
individual varietal interaction exceeding the 0.05 level. 



Fig 1. Graphic companion of diaatatir power of the malt* from the five varieties grown at the 
five stations in 1935 to 1938. On* and two black dots indicate, respectively, interac tions rx<eedmg the 
0.05 and 0.01 levels of significance 


In the interpretation of the data presented above, considerable care 
must be exercised. As shown in Table II there aie in most cases in¬ 
dividual comparisons v'hich exceed the 0.05 and in a few instances 
several which exceed the 0.01 level of significance where the F value for 
the interaction of the combined comparisons is less than the 0.05 level. 
It is reasonable to expect, with the number of individual comparisons 
made (30 and 20) that certain of these would exceed the 0.05 level due 
to chance alone when no difference exists. Also since the 0.05 level is 
after all only an arbitrary division between significance and non- 



yield bushels 
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action. Other variety X station comparisons which are indicative of 
significance were Wisconsin Barbless at East Lansing (128, 111) Oder- 
brucker at East Lansing (151, 171), and Oderbrucker at Brookings 
(254, 238). The first number in the brackets refers to the actual 
value, the second to that expected on the basis of no interaction. 

For yield, three comparisons, Trebi at East Lansing (31.3, 36.6), 
Wisconsin Barbless at Urbana (43.2, 47.7) and Oderbrucker at Waseca 
(39.7, 44.3) exceeded the 0.01 level. Six other comparisons were in- 



Fig. 3. Graphic comparison of protein in barley for the five varieties grown at the six stations in 
1935 to 1938. Note that there are no significant interactions. 


dicative of possible significance. In regard to protein content, none 
of the individual comparisons deviated significantly from that expected. 

The four-year means of each variety at each station are presented 
graphically in Figures 1 to 3. In constructing the figures the varieties 
were arianged along one axis and stations along the other. The func¬ 
tions of the varietal reactions for a given factor at a given station form 
a series of lines perpendicular to a base plane common to both varieties 
and stations. The relations between varieties and stations for the 
given factor are then observed over the entire range of the stations 
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included. The arrangement of the varieties and stations along the 
axis was in ascending order for the factor means, purely as a method of 
keeping the tops of the perpendicular lines in view in the three- 
dimensional graphs. Likewise, purely for clarity of presentation, the 
tops of the vertical lines representing varietal reaction were connected 
for the individual varieties at the different stations and for the five 
varieties at each station. In so doing the interaction of varieties X 
stations is represented as a sectional surface or plateau. The extent of 
interaction is then expressed by the elevations and depressions in the 
surface of the plateau. The points on the plateau where the interac¬ 
tions are significant at the 0.05 and 0.01 levels of significance, as de¬ 
termined from the data in Table III, are indicated by one and two 
black dots respectively. A regular surface of the plateau indicates that 
the varieties maintained the same relative ranking at the different 
stations. The influence of variety and station upon the reaction of 
the factor is shown by the rise in the plateau along the two axes, i.e., 
varieties and stations. 


Regression Analysis 

The relationship between varietal differences and the environmental 
conditions, at the different stations, affecting diastatic power of malt 
and grain yield and protein content of barley was investigated further 
by regression analysis using the method described by Yates and 
Cochran (1938). In accordance with this method, for each of the 5 
varieties the linear regression was calculated between the 4-year mean 
responses of that variety at the several stations and the 4-year mean 
responses of all varieties at the same stations. As stated by Yates and 
Cochran, the object of taking the regression on the mean response of all 
5 varieties rather than the response of the remaining 4 varieties is to 
eliminate a spurious component of regression which will otherwise be 
introduced into the experimental error. 

In brief, the procedure followed consisted of (1) separating out, 
from the 20 degrees of freedom for variety X station interaction, the 
4 degrees of freedom measuring the differences among the several 
regressions and (2) testing these for significance. 

The first step is to obtain the sums of squares for the station means 
about the general mean from the data given in Table III, by the 
formula 


L (X.j - X..y 


(ID 
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where X.j is the 4-year mean of all 5 varieties at the jth station and X.. 
is the general mean. The values Xj — X .. for all 3 characters studied 
are given in Table IV. 


TABLE IV 

Deviations of Station Mean Yields from the General Mean (Upper 
Section) and Varietal Totals at Each Station Multiplied bv 
the Deviations of the Station Mean Yields from the 
General Mean (Below) for Diastatic Power of 
Malt and Grain Yield and Protein 
Content of Barley 




(X.j - X..) 


Station 

Diastatic power 
of malt 

Gram yield 
of barley 

Protein content 
ot barley 

East Lansing, Mich. 

-20 

-3.2 

-1.1 

Urbana, Ill. 

-12 

+ 8.6 

-1.0 

Madison, Wis. 

-18 

-6.6 

-0.6 

Waseca, Minn. 

-3 

+ 16.5 

-0,3 

Kanawha, Iowa 

+6 

-2.6 

+0 3 

Brookings, S. Dak. 

+47 

-12.7 

+ 2.7 

kXj - *•■)’ 

j-i 

3122 

568.06 

10.04 

Variety 


- x ,)Ttj 

i-1 


Trebi 

Wisconsin 

14340 

2718.83 

38.77 

Barbless 

6298 

2253.40 

40.16 

Velvet 

11165 

1932.65 

35.23 

Oderbrucker 

17048 

2048.86 

51 84 

Manchuria 

13778 

2415.23 

38.00 


The sums of squares for diastatic power of malt for Trebi usine 
equation 11 are 

[(- 20) 2 + (- 12) 2 + (- 18) 2 + (- 3)* + ( + 6) 2 + (+ 47) 2 ] - 3122 

For each variety the totals for the 4-year period at each station are 
then multiplied by their respective ( X.j — X..) deviations and summed 

£ (X.j - X..)Tij (12) 

where Tij is the 4-year total of the ith variety at the jth station. The 
values thus obtained are the sums of products of the station means for 
all varieties and the station totals for a particular variety. These 
values are listed in the lower half of Table IV. As an illustration the 
value for diastatic power of malt for Trebi was obtained for 12 as 
follows: 

E [(- 20) (583) + (- 12) (538) + (- 18) (517) 

+ (- 3) (628) + (6) (616) + (47) (850)] « 14340 
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This can be obtained approximately from the data in Table III by 
using the variety X station means multiplied by 4; the result will not 
agree exactly with those above because of the rounding in determining 
the means in Table III. 

The regression coefficients for the different varieties listed in 
Table V were obtained as follows, 

TABLE V 

Regression Coefficients between the 4-year Mean Response of a 
Variety at Each Station and the Mean Response of all 
Varieties at Each Station, for Each Variety for 
Diastatic Power of Malt and Grain Yield 
and Protein Content of Barley 


Variety 

Diastatic power 
of malt 

Grain yield 
of barley 

Protein content 
of barley 

Trebi 

1 1483 

1.1966 

0.9654 

Wisconsin Barbless 

0.5043 

0 9917 

1.0000 

Velvet 

0.8941 

0.8505 

0.8772 

Oderbruckcr 

1.3652 

0.9017 

1.2908 

Manchuria 

1.1033 

1.0629 

0.9462 

Difference required 0.05 

0.4663 

0.2117 

0.3866 

for significance 0.01 

0.6204 

0.2817 

0.5142 


e (*-j - j 

bi = l^L - 

4 z (X-j - x~Y 

;~1 


(13) 


14340 

which for diastatic power of Trebi is = 

The sums of squares for the 4 degrees of freedom measuring the 
differences in the regressions of the 5 varieties is obtained from 


[4 z a.j - .?..)*] e (bi - sy 


(14) 


where the multiplier is needed to make this sum of squares comparable 
to those involved in Tables I and II, since the variance of a single b is 
2 * 

4 “ where cr 2 is the error variance of a single observa* 




tion, the factor 4 arising from the fact that b is a regression of means of 
4. The following form of equation 14 is convenient for calculation, 


E f E (X-j - -?..)7yT - ‘ 

t-i L /-I J 


e[e(*J-*-) 7yl 

»~i L j—i ______ -* 


4 E(*J ~ *•■)* 

/-1 


(15) 
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which for diastatic power of the malt is: 

i (14340) 2 +. + (13778)* - - 6 - | 2 - 9 - 2 = 5280.82 

_____ 

In Table VI are given the results of the above analyses. The sums 
of squares for the variety X station interactions based on 20 degrees 
of freedom are separated into 2 parts, the differences among the re¬ 
gressions and the deviations about the individual regressions, based on 
4 and 16 degrees of freedom respectively. 

TABLE VI 

Analysis of Variance for Differences Among Variftal Regressions 
for Diastatic Power of Malt and Grain YirLD and 
Protein Content of Barley 


Source of variation 

Degrees 

of 

Diastatic 
power of 
malt 

Gram yield 
of barley j 

j 

Protein 
content of 
barley 



freedom 

Mean 

square 

b 

Mean 

square 

F 

Mean 

square 

F 

! 

0 0* 

00 

Differences of regressions 

4 

1320 21 

3 89 

42 41 

3.33 

Ha 

1 39 

2.52 

3< 

Deviations from regres¬ 
sions 

16 

356 63 

— 

35 80 

— 

pH 

— 

— 

— 

Error 

60 

339 50 

— 

12 74 


m 

— 

— 

— 


In order to test the significance of the difference between any two 
regressions b\ and 62 , the t value was obtained as below. 


t 


(b 1 - b 2 ) 


2S 2 


) 2 


06) 


where S 2 is error mean square. Equation 16 can be changed to the 
following in order to determine how large a difference is necessary 
between any two regressions to be significant at either the 0.05 or 0.01 
level of significance. 


hi — 6 2 — [*.05 (or /.01) for 60 d.f.] • 


5* 


— 07) 


2 E (X.j - £..)* 

?~i. 


which for diastatic power of barley at the 0.01 level is 


266 ^ 5 §r 0 - 6204 

The regressions are shown in Figure 4 





Fig. 4. Regressions for varieties against the means for all varieties for yield and protein content of barley and diastatic power of malt, 
‘he five varieties, Oderbrucker, Manchuria, Wisconsin Barbless, Velvet, and Trebi grown at East Lansing, Mien , Urbana, Ill., Madison. Wis. 
Waseca, Minn., Kanawha, la., and Brookings, S D. Average of four years 1935 to 1938. 






594 


EVALUATION OF BARLEY AND MALT DATA 


Vol. 20 


Regressions on mean yield of barley show the same response for 
Trebi as reported by Yates and Cochran (1938) for certain Minnesota 
data. Trebi has a greater tendency to increase in yield at the stations 
with the higher mean yields than the other varieties. This tendency, 
however, is only significant when compared with Velvet. The wide 
differences in the yielding capacity of the four varieties are shown by 
the relative position of the regression lines. No significant differences 
were found in the slope of the regression lines for protein content of 
barley. 

The regression lines for diastatic power of malt show a marked 
difference between Wisconsin Barbless as compared to the other varie¬ 
ties. The increase in diastatic power of Wisconsin Barbless at the 
stations with the higher diastatic power is significantly less than that 
found for the other varieties with the exception of Velvet. Between 
Velvet and Oderbrucker the difference is significant. 

The generally low interaction between varieties X station and 
varieties X years is especially important in relation to quality evalua¬ 
tion and in applying this information to a breeding program. The 
analyses indicate that for most factors studied the varieties maintain 
relatively the same ranking at the different stations and in the different 
years. This suggests that the relative ranking of the varieties and 
selections for most of the important quality factors can be determined 
reliably at a few representative stations. 
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REPORT OF THE 1942-43 COMMITTEE ON TESTING 
BISCUIT AND CRACKER FLOURS 


W. H. Hanson, Chairman 
Henkel Flour Mills, Detroit, Mich. 

(Read at the Annual Meeting, May 1943) 

The results reported by the committee for the past two years 
showed significant differences in the spread potentialities of cooky 
flours milled from white wheat varieties (Loving, 1942; Hanson, 1943). 
Factors which seem to be associated to a marked degree with spread 
behavior are viscosity and granulation. It is quite apparent that a 
coarsely milled flour will show greater spread characteristics, and in 
some instances may reflect a slight lowering of the viscosity. 

Opinions were offered by the members of the committee that a 
cooky flour from the same geographical area might vary considerably 
in spread potentialities from one crop to another. It was therefore 
suggested that the collaborators recheck their results as reported for 
1941-42 (Hanson, 1943) with flours from the same mills and white 
wheat varieties, with the object of grouping the flours according to the 
spread factor W/T as obtained by cooky measurements, and also of 
determining whether there is any association between granulation or 
viscosity and spread behavior. 


TABLE I 

Analyses of Flours Used in Cooky Tests 


Flour 1 

Ash 

(15% in h ) 

Protein 
(15% m.b ) 

Viscosity 

Granulation 

(Through 

250-mesh. 

60 minutes) 

No-time 

1 houi 
digestion 


% 

% 

MacM 

MacM 

% 

A 

0.385 

7.65 

35 

57 

84 

B 

0.400 

7.42 

24 

38 

78 

C 

0.395 

7.05 

21 

33 

89 

D 

0.420 

7.47 

30 

46 

70 


1 Flour A w^s from New York State, flours B and C from Michigan, and flour D from the Pacific 
Coast. 


Instructions to the mills supplying these flours were in accordance 
with the usual specifications—0.41 to 0.42% ash, 7.5 to 8.0% protein, 
and a maximum viscosity of 35° MacMichael, as determined by the 
no-time method for unbleached flours of 100% extraction. The four' 
flours selected are referred to as A, B, C, and D, the analyses of which 
are shown in Table I. 
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Cookies were baked by the laboratory cooky test and procedure 
formula described by Hanson (1943) and by the semicommercial baking 
method outlined in Table II. In the latter method, three formulas 
which vary in the quantities of sugar and shortening called for are used. 


TABLE II 

Formulas Used in Testing Cooky Flours by Semicommercial Procedure 1 


Mixing 

Ingredients 


Formulas 


stage 

l 

2 

3 

I 

Fine granulated sugar 

g 

1510 

g 

1250 

g 

1510 


Salt 

23 

23 

23 


Shortening (B and C type) 

752 

752 

376 

II 

Milk powder 

114 

114 

114 

III 

Whole eggs 

270 

270 

270 


Invert sugar 

227 

185 

111 


Vanilla—concentrate 

8 

8 

8 

IV 

Water 

454 

454 

454 


Ammonium carbonate 

8' 

8 

8 

V 

Flour 

2250 

2250 

2250 


Soda 

17 

17 

17 


Anhydrous monocalcium phosphate 

5 

5 

5 


Totals 

5638 

5336 

5262 


Method: 

Stage I Cream 2 minutes on second speed 
Stage II Cream 1 minute on second speed 
Stage III Mix 1 minute on second speed 
Stage IV Mix 1 minute on low speed 
Stage V Mix 2 minutes on second speed 
Equipment: 

20-quart Hobart Mixer, No. A200 
Wire-cut cooky divider 
1 i-inch round dies 
Scaling Weight: 

4 ounces per dozen 

1 Submitted by H. W. Putnam. 

Discussion 

The rank of the cooky flours from the calculated ‘‘spread factor" 
as recorded in Table III shows very good agreement on flour B. 
Flour A was ranked 4 by a large majority >of the collaborators, whereas 
flour frpm the same mill and wheat type ranked 1 in the committee 
report of 1941-42. Flour C, which was definitely poor in the instance 
of the 1941-42 crop, showed some improvement in rank and compared 
favorably with flour D for the current crop. When a comparison is 
made between the “spread factors" obtained for two different crops, 
the study definitely indicates that variations exist in spread potential- 
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ities of flours milled from known white wheat varieties. The W/T 
factors obtained on cookies produced by the semicommercial baking 
formulas are shown in Table IV. The semicommercial baking method 


TABLE III 

Rank of Cooky Flours from Calculated W/T Factors 
(Rank 1 signifies the best spread, 4 the poorest.) 


Sample 



Collaborator 


* 

No 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

A 

4 

2 

4 

4 

4 

4 

B 

1 

1 

1 

1 

1 

1 

C 

1 

4 

2 

2 

3 

3 

n 

5 

3 

3 

3 

2 

2 


TABLE IV 

W/T Factors Obtained on Cookies Baked by the Semicommercial Formulas 


Flours 

Formulas (See Table III) 

1 

i 

2 

3 

A 

7.8 

5 7 

6.3 

B 

6.5 

5.4 

6.5 

C 

7 3 

5.2 

6.7 

n 

80 

5.5 

6.7 


was very informative and, as illustrated in Figure 1, showed differences 
in spread behavior resulting from substantial reductions in sugar and 
shortening. Owing to the present trend in the restriction of ingredi- 



Fig. 1. Cookies baked from flours A, B, C, and D by the semicommercial formulas showing 
differences in the spread behavior resulting from variations m sugar and shortening. Groups at the 
left, center, and right, respectively, represent cookies baked by formulas 1, 2, and 3 described in 
Table II. 


ents, the semicommercial test can be recommended for evaluating differ¬ 
ences in cooky flours. 


Summary 


The laboratory and semicommercial baking methods employed 
showed considerable variations in the spread potentialities of the four 
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flours studied. The study has revealed that cooky flours may vary 
considerably from year to year in spread characteristics, although the 
analyses may be maintained fairly uniform during this time. The 
low viscosity white wheat flours respond very well to reductions in 
sweetening materials and shortener, provided that grinding and bolting 
operations in milling will increase the spread properties. Variations 
in spread are likely to occur when the total batter weight differs 
to the extent that it affects the bake-out loss owing probably to oven 
conditions. 
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REPORT OF THE 1941-42 SUBCOMMITTEE ON TESTING 
CAKE FLOURS WITH BAKING-POWDER ADJUST¬ 
MENTS FOR ALTITUDE 

Joseph De Haan, Chairman 
General Mills, Inc., Spokane, Washington 
(Read at the Annual Meeting, May 1942) 

Barmore conducted a number of experiments at Fort Collins, Colo¬ 
rado, wherein the baking powder in the A.A.C.C. cake test formula 
was varied under different atmospheric pressures. 1 As a result of this 
work, an equation was submitted for calculating the amounts of cream 
of tartar and soda to be used with the A.A.C.C. formula for various 
altitudes. According to the equation, y = — 0.03.4 2 — 0.25-4 + 6, 
where y represents the cream of tartar in grams and A the altitude in 
thousands of feet. 

At the request of this year’s chairman of the Committee on Meth¬ 
ods of Testing Cake Flour, a subcommittee was formed to test various 
cake flours by the A.A.C.C. formula and Barmore’s equation for ad¬ 
justments in cream of tartar and soda used. 


* Cereal Chem. 16: 145 (1939). 
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Four samples of flour were sent to collaborators located at altitudes 
varying from 50 to 5,000 feet above sea level. All were located either 
in the Rocky Mountain states or on the Pacific slope. This arrange¬ 
ment made it possible to cover the range of altitudes in which cake 
production occurs in the western part of the United States. Descrip¬ 
tions and analyses of the flours are shown in Table I. Amounts of 

TABLE I 

Analysis of Flours 


Sample 

Moisture 

Ash 

Protein 

Description 


% 

% 

% 


A 

12.8 

.36 

8.5 

Pacific Northwest cake flour 

B 

13.5 

.34 

7.7 

Midwestern cake flour 

C 

12.8 

.39 

7.7 

Pacific Northwest cake flour 

D 

13.4 

.34 

6.9 

Rocky Mountain States cake flour 


cream of tartar and soda used for the different altitudes, respectively, 
are given in Table II. 


TABLE II 

Amounts of Cream of Tarter and Soda Used 


Altitude 

Cream of tartar 

Soda 

U<t 

g 

g 

50 

5.99 

2.99 

1005 

5.72 

2.85 

1968 

5.39 

2.69 

3492 

4.76 

2.38 

4725 

4.15 

2.07 

5000 

4.00 

2.00 

Standard A.A.C.C. 

6.00 

3.00 


TABLE III 

Comparison of Total Scores on Flour Samples A, B, C, and D 


Collaborators 

altitude 

Sample A 

Sample B 

Sample C 

Sample D 

Regular 

formula 

Adjusted 

formula 

Regular 

formula 

Adjusted 

formula 

Regular 

formula 

Adjusted 

formula 

Regular 

formula 

Adjusted 

formula 

feet 

50 

83 

82 

90 

90 

64 

65 

72 

72 

1005 


— 

— 

— 

77 

77 

90 

91 

1968 

83 

85 

90 

91 

84 

90 

91 

92 

3492 

80 

92 

43 

53 

— 

— 

— 

— 

4725 

95 

93 

74 

87 

65 

63 

82 

84 

5000 

76 

84 

46 

66 

64 

80 

60 

75 

Average 

83.4 

87.2 

68.6 

77.4 

70.8 

75 

79 

i_ 

82.8 
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Fig 1 Cakes from Hours A and B hiked at 5 000 feet A 1 * flour A stand ird foimula 
A-2 — flour A adjusted formula B 1 = floui B stand ird tonn ila B2 fl)iir B idjusted 
formula 



Fig 2 ( akes from flour C, baked at 5 000 feet Right hand group — standard formula Left- 

hand group - adjusted formula 
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Fig. 3. Cakes from flour D, baked at 5,000 feet Right-hand group * standard formula. Left- 
hand group «* adjusted formula. 


All collaborators baked two series of cakes from each flour sample. 
In one series the bakes were made by the A.A.C.C. formula. In the 
other, the cream tof tartar and soda were adjusted, by means of Bar- 
more’s equation, to the particular altitude involved. 

Collaborators were requested to score the cakes as carefully as 
possible, by the A.A.C.C. scoring procedure, and to make comments on 
results obtained by using the specially adjusted quantities of baking 
powder. The scores reported on the bakes are recorded in Table III. 

Figures 1, 2, and 3 are photographs of bakes conducted at the 
5000-foot elevation. 

From an inspection of Table III and of the figures, it is evident that 
the adjustments in the amount of leavening agent produced results 
that varied with the flour, on the one hand, and with the altitude on 
the other. It is of course impossible to properly judge the significance 
of these variations without knowing how closely the results would 
agree on many repeated bakes by the same operator, as well as by 
several operators working at each of the different altitudes. Flour 
B showed the greatest response to the adjusted formula, and it appears 
that some flours have more tolerance to baking conditions at different 
altitudes than others. 

Aside from the collaborator who worked at sea level, it was the 
general opinion among collaborators that cakes baked with the adjusted 
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formula were somewhat better than those baked with the standard 
formula. 

Some collaborators reported that future studies should include alti¬ 
tude adjustments for sugar as well as for baking powder, and one re¬ 
ported an observation that certain types of shortening behave differ¬ 
ently, in a cake batter, at different altitudes. 

Summary 

A collaborative cake-baking study, involving adjustments in 
amount of baking powder to conform to different altitudes, was under¬ 
taken. In general the adjustments brought about an improvement in 
cake scores, although the nature and degree of response varied con¬ 
siderably among the different flours as well as among collaborators 
working at different altitudes. 

There is need for further study, which might properly consider 
ingredients other than baking powder. 


REPORT OF THE 1942-43 COMMITTEE ON 
METHODS OF TESTING CAKE FLOUR 

Lowell Armstrong, Chairman 

Ballard & Ballard Co., Louisville, Kentucky 
(Read at the Annual Meeting, May 1943) 


The committee work for this year dealt with the application of the 
tentative cake test to the study of a practical problem, namely, the 
effect of varying flour pH on the baking quality of flours of differing 
ages. 

TABLE I 

Effect of Flour pH on Cake Baking Quality at Different 
'Intervals of Storage 

(Average of Collaborators 1 Scores and Data for A.A.C.C. Formula) 


Flour 

lot Baking 

Age of flour—7 days 

2nd Baking 

Age of flour—30 days 

3rd Baking 

Age of flour—71 days 

pH of S 
flour 

Vol. of 
loaf 

Score 

pH of 
flour 

Vol. of 
loaf 

Score 

pH of 
flour 

Vol. of 
loaf 

Sc6re 

A 

5.36 

mm 

77.2 

5.30 

874 

78.6 

5.23 

834 

80.0 

B 

5.04 

mwm 

83.8 

5.02 

856 

84.6 

4.93 

824 

83.8 

C 

4.76 

nil 

86.7 

4.73 

799 

85.3 

4.67 

833 

82.6 


An unbleached, Commercially milled, soft wheat flour containing 
8.1% protein and 0.35% ash on a 15% moisture basis was prepared from 
mill streams of known cake-flour performance, and chlorine treated in a 
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laboratory bleacher to pH levels of 4.7, 5.1, and 5.4. Sufficient Nova- 
delox (3/4 oz per barrel) was added to each sample to give good color 
removal. 

The three samples were submitted to six collaborators who baked 
them by the A. A. C. C. formula after storage for 7, 30, and 71 days 
respectively. A seventh member baked the samples after similar 
intervals of storage by a commercial-type formula. The collaborators 
who used the A. A. C. C. formula were asked to score the cakes by the 
official score card and the averages of the data they reported are given 
in Table I. 

The member who employed the commercial-type formula reported 
similar data but gave the flours rankings instead of scores; his results 
are shown in Table II. 

TABLE II 

Effect of Flour pH on Cake Baking Quality at Different 
Intervals of Storage 
(Results with Commercial-type Formula) 


Flour 

1st Baking 

Age of flour—8 days 

2nd Baking 

Age of flour—30 days 

3rd Baking 

Age of flour—71 days 

pH of 
flour 

Vol of 
layers 1 

Rank 

pH of 
flour 

Vol. of 
layers 1 

Rank 

pH of 
flour 

i 

Vol. of 
layers 1 

Rank 

A 

5.53 

1005 

2 

5 29 

1130 

1 

5.30 ! 

1005 

1 

B 

5.20 

1025 

T 

4.94 

1115 

1 

4.95 

1000 

1 

C 

4.91 

985 

3 

4.68 

1050 

2 

4.70 

1010 

1 


1 Weight of batter 400 grams. 


The following conclusions have been drawn from the results of the 
committee's work— 

1. A tendency toward a tight grain in cakes from flour of low pH 
value was demonstrated in both the A. A. C. C. formula and the 
commercial-type cake. 

2. Closely knit, tighter-grained cakes are given a higher score 
where the official score card values are used. 

3. Bakers and commercial men are inclined to reverse the ratings 
and give preference to the cakes with larger volumes. 

4. Flours of high pH value improve in baking performance with 
age, while flours of low pH decline. 

5. Confirming former reports, flours increase in acidity with age. 

The members reported large variations in the cake volumes ob¬ 
tained in baking the same flour on different days. It is thought that 
these variations were caused by factors other than the flour itself. 
Therefore, the committee recommends that a ^project be planned and 
executed to study the factors affecting volume. 
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REPORT OF 1942-43 METHODS OF ANALYSIS SUB¬ 
COMMITTEE ON THE DETERMINATION OF IRON 
IN CEREAL PRODUCTS 

M. Howe, Chairman 
Russell Miller Milling Co., Minneapolis, Minn. 

(Read at the Annual Meeting, May 1943) 

In a continuation of the work of the 1941-42 Subcommittee of the 
Committee on Methods of Analysis concerning the determination of 
iron in cereal products (Sullivan, 1943), four samples of cereals, to¬ 
gether with a standard iron solution prepared from iron wire, were sent 
to 13 collaborators. These samples comprised: (1) ah unenriched 
patent flour; (2) the same flour enriched with 5 mg Fe per lb as ferrum 
reductum; (3) the same flour enriched with 6 mg Fe per lb as sodium 
iron pyrophosphate; and (4) a whole wheat flour. As in the previous 
study, the collaborators were requested to analyze these samples by 
the a t a' dipyridyl method, essentially as outlined by Andrews and 
Felt (1941). Ashing of the samples at 550°-600°C and treatment of 
the ash with hydrochloric acid were specified; in addition, three of the 
collaborators also carried out determinations in which the alkaline 
fusion technique was employed in preparing solutions from the sam¬ 
ples. The results submitted by the 10 collaborators who reported 
data by the specified method are recorded in Fable I; the supplemen¬ 
tary data obtained by the three collaborators who employed alkali 
fusion are shown in Table II 

A comparison of the summarized results given at the end of Table I 
with those reported last year (Sullivan, 1943), shows that the collab¬ 
orators are in closer agreement this year but the variations arc still 
quite large, particulaily in the instance of the whole wheat flour. It 
was suggested that the whole wheat flour might have been contami¬ 
nated with small pieces of metal from the milling rolls. This was 
confirmed by two of the collaborators who passed a magnet over a 
thin layer of the sample. In view of this observation, whole wheat 
flour and unenriched farina to be employed in future collaborative 
studies should be passed over a powerful electromagnet. 

Two of the three collaborators who employed alkaline fusion in 
preparing the samples for analysis reported results in fair agreement 
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TABLE I 

Iron Content of Cereal Products as Determined by 10 Collaborators 



a.ef dipyridyl method - 
Iron content as Fe (“i 

i 

-ash treated with HC1. 
as is " moisture basis) 

Collaborator no. 

No. 1 

Unenriched 

flour 

No. 2 

1 Flour enriched 
with 5 mg per lb 
Fe as ferrum 
reductum 

No. 3 

Flour enriched 
with 6 mg per lb 
Fe as sodium iron 
pyrophosphate 

No. 4 

Whole wheat 
flour 


mg/lb 

mg/lb 

mg/lb 

mg/lb 

1 

3 6 

8.6 

10.0 

16.3 

2 

3.9 

8.8 

9.9 

16.1 

3 

4.3 

8.4 

9.5 

18.5 

5 

4.3 

9.1 

9.2 

19.3 

6 

3.5 

8.5 

7.9 

24.8 

8 

3.5 

7.3 

9.3 

15.6 

9 

3.3 

8.5 

10.5 

19.4 

11 

3.7 

8.7 

10.0 

17.0 

12 

4.1 

10.0 

12.7 

15.4 

13 

3.6 

8 6 

9.8 

16.2 

Minimum 

3.3 

7.3 

7.9 

15.4 

Maximum 

4.3 

10.0 

12.7 

24.8 

Mean 

3.8 

8.6 

99 

17.9 

Percentage of 
collaborators 
agreeing within: 
± 5% of mean 

40 

i 

; 70 

50 

20 

rfclO r J, of mean 

70 

80 

' 80 

70 


with those obtained by acid treatment of the ash. The third col¬ 
laborator obtained significantly higher results than the other two. It 
is interesting to note that his values for samples No. 2 and No. 3 
exceed the iron content as calculated from the addition ol 5 and 6 mg 

TABLE II 

Iron Content of Cereal Products as Determined by Three Collaborators 
Employing Alkaline Fusion of Ash 


Collab¬ 

orator 

no. 

Reagent 

Iron content as Fe ("as is ’ moisture basis) 

i 

No i 

Unenriched 

flour 

No. 2 

Flour enriched 
with 5 mg per lb 

1 Fe as ferrum 
| reductum 

No. 3 

Flour enriched 
with 6 mg per lb 
Fe as sodium iron 
pyrophosphate 

No. 4 

Whole 
wheat flour 



MSSSM 

mg/lb 



8 

a,o' dipyridyl 


8.4 




thiocyanate 


9.1 


16.9 

3 

ortho-phenan- 

5.0 

11.5 

12.1 

18.7 


throline 


i 



13 

o,o f dipyridyl 

3.6 

8.4 

9.9 

16.2 
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per lb Fe respectively; this indicates that the method was yielding 
erratic results in his hands. 

From the comments of the collaborators and also from our own 
observations, the following precautions are suggested. The dipyridyl 
color is rather slow in developing and it is suggested that the samples 
should stand at least 30 minutes before the readings are made. A 
comment was received from one collaborator stating that the buffer 
was not strong enough to bring the pH to 4.0. The pH on a series of 
whole wheat flours using both hydrochloric acid and sodium carbonate 
was measured and found to vary from pH 4.06 to pH 4.16; these results 
would indicate that the buffer is satisfactory. It is again suggested, 
however, that the volume of the buffer should be increased to 10 ml 
to provide sufficient solution for certain types of colorimeters. 

There still exists a great deal of confusion and doubt concerning 
the loss of iron during dry ashing. We have used wet digestion meth¬ 
ods numerous times in our laboratory in comparison with dry ashing 
and could detect no loss of iron upon ashing of flours and wheat. This 
fact has been substantiated by several of the collaborators. The prob¬ 
lem may be more complicated in the case of bread and similar baked 
products. 

Many of the collaborators reported that the iron solution sent out 
with the samples gave a curve identical with that obtained for their 
own standard solution. 

It is recommended that an exhaustive comparison be made on 
various samples of cereals including flour, whole wheat, bread, and 
farina, using both alkaline fusion and acid treatment of the ash 
for the determination of iron by the a t a dipyridyl method. It is 
also suggested that comparisons be made between dry and wet ashing 
procedures. 
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REPORT OF THE 1942-43 METHODS OF ANALYSIS 
SUBCOMMITTEE ON THIAMINE ASSAY 

Oscar Skovholt, Chairman 
Quality Bakers of America, New York, N. Y. 

(Read at the Annual Meeting, May 1943) 

During the year, 10 monthly samples have been distributed for 
thiamine determinations. The first sample in July was received by 
29 collaborators and the list increased to 47 for the last sample. Of 
these, 38 used the thiochrome procedure and 9 employed the fermenta¬ 
tion method. Most of the larger cereal laboratories in the United 
States and Canada were represented. Samples were distributed by 
volunteers among the collaborators and reports were compiled by the 
chairman. One of the collaborators distributed standardized thiamine 
solutions with the November sample and results obtained with this 
standard were compared with those from the solutions regularly used 
in each laboratory. 

Attempts were made to obtain complete records of the technique 
and procedure used in each laboratory. Certain facts were obtained 
with regard to most details of procedure in many laboratories. Com¬ 
plete records were not obtained of the many variations that have ap¬ 
parently been adopted in some laboratories. A suggestion for more 
detailed study of these factors is made later in the report. 

Results of the year’s activities were far from satisfactory, although 
it is believed that progress was made in some respects. Some col¬ 
laborators used their relative standing in the monthly lists as a guide 
to determine the need for careful scrutiny of their own procedures. 
It is hoped that all collaborators will make such a careful study of the 
summarized record as set forth in Table I. This table is a compilation 
of all reported results expressed only as the deviation from the average 
value obtained for that sample by each method. At the right-hand 
side of the table is found the relative number of samples on which each 
collaborator reported values that were above and below the mean. 
The figures do not include the few cases in which the reported value 
exactly equaled the average. 

Since reliable replicated results by bio-assay are not available, the 
average values by the procedures used must be considered as the best 
available measure of the actual thiamine content. Emphasis is placed 
on this matter of average value, since it is recognized that each col¬ 
laborator who quite consistently tends to be high or low may be con¬ 
vinced that the average is not correct. It may be stated that several 
laboratories which have extensively studied vitamin-testing methods 
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and whose reputation for general accuracy is of the highest order, are 
included either among those that consistently report well below the 
mean or among those that are equally above the average value. It is 
believed that the method of compiling the results will bring out this 

TABLE I 

Collaborators’ Thiamine Results Expressed as Deviations from the Average 
(In gamma per gram on as-received moisture basis) 


Wheat fractions 


Coll. Cereal Germ 
no. 


Enriched bread 


Enriched flour 


No. of times 
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TABLE I—( Continued) 



Wheat fractions 

i-i 


Enriched flour 


No. of times 

Coll 

no 

C ereal 

Germ 







July 

Jan. 

Sept. 

Oct. 

Dec. 

Nov. 1 

Feb* 

Mar.* 

April 4 

Above 

mean 

Below 

mean 


FERMENTATION METHOD 


38 

+ 

.69 


+ 

.33 


.48 











2 

1 

39 

— 

.42 

— 2 00 

— 

.06 

+ 

.04 

+ 

.06 

— 

.28 

— 

14 

— 

.18 

— 

66 

2 

7 

40 



— 1.70 






.04 

+ 

.02 







1 

2 

41 

+ 

23 

+ 3.20 

+ 

.13 

+ 

.37 

+ 

.78 

— 

.36 

— 

.06 

— 

.12 

+ 

.47 

6 

3 

42 



- 40 

— 

.14 

— 

.12 



+ 

.17 



— 

.08 

+ 

.15 

2 

4 

43 

— 

.19 

+ .70 

— 

.33 

— 

.24 

— 

.03 

— 

.38 

+ 

.09 

— 

.0! 

+ 

.50 

3 

6 

44 

+ 

.13 

+ 2.30 

+ 

.53 

+ 

.45 

+ 

.13 

+ 

.20 

— 

.02 

— 

.04 

+ 

.32 

7 

2 

45 

— 

.52 

- .90 



— 

.04 



+ 

.76 



+ 

.01 


1.05 

2 

4 

46 

+ 

.06 

- .90 

— 

.44 

— 

.84 

— 

.88 

— 

.16 

+ 

.11 

+ 

.44 

+ 

.24 

4 

5 

Mean 


2.72 

27.60 


2 54 


3 63 


3.22 


3.96 

! 


3.99 

1 


4.12 


5.46 




‘Values obtained on oidmary enruhed flour using distributed sample of thiamine solution for 
reference. 

* Ordinary enriched flour. 

• Phosphated enriched flour 

4 This sample contained riboflavin, thiamine, niacin, and iron at the newly-proposed higher levels 
for enriched flour 

fact. It seems advisable for each collaborator to note in particular 
how many times the reported results from his or her laboratory were 
above or below the mean and the magnitude of the differences. It is 
believed that next year’s committee should carefully compare the 
procedures in use in a few of those laboratories that were consistently 
high with those that were low, in attempting to determine the reason 
for such consistent differences. 

Many collaborators show no consistency as regards relationship to 
average value. 'This may indicate the need for further standardization 
of technique in man> cases. It seems that precision in every opera¬ 
tion is essential to obtain reproducible results. It should be pointed 
out, however, that replicate results as occasionally reported by col¬ 
laborators show much less variation than is evident when comparing 
averages between laboratories. Another reason for a lack of consist¬ 
ency throughout the year in the results of some collaborators when 
compared with the mean, is the fact that improvement in technique 
was stimulated by the monthly reports. Sources of error were found 
which were corrected in later determinations. 

It would be pleasant to be able to report that such stimulation 
caused a marked increase in accuracy during the course of the year, 
but the progress made was relatively minor, or it might even be de¬ 
bated whether any improvement was shown. Monthly reports have 
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indicated the range of results by each method and have shown the 
number of collaborators agreeing within plus or minus 5% and 10% 
of the mean value. A better measure of degree of agreement is un¬ 
doubtedly obtained by statistical analysis. Coefficients of variability 
have been calculated for results on nine of the samples distributed 
during the year. It should be mentioned that one sample of yeast 
distributed in August caused considerable difficulty in most labora¬ 
tories, owing to lack of experience with such material. One collabora¬ 
tor with considerable experience in the assay of such material men¬ 
tioned that the character of this sample was far more variable than 
any yeast previously examined. Results reported were so widely 
variable that it seems inadvisable to include them in this report. 

The extent of agreement of results, as indicated by coefficients of 
variability, on the other nine samples as obtained by thiochrome and 
fermentation methods will be found in Table II. The samples are in 

TABLE II 

An Analysis of the Precision of Thiamine* Assays 


Wheat fractions 

Enriched bread 

Emiched flour 

Cereal 

Germ 

July 

Jan. 

Sept 

Oct. 

Dec. 

Nov. 1 

Feb.* 

Mar 1 

Vpnl 4 


THIOCHROME METHOD 


No. of Coll. 

22 

33 

28 

29 

30 

33 

33 

32 

33 

Mean Thiamine, ug/g 

2.67 

26.5 

2 58 

3.52 

3.37 

3.86 

3.85 

4.04 

5.37 

Coeff of Var. % 

15.2 

9.7 

14.6 

17.2 

11.4 

10.6 

7.0 

6.9 

7.6 


FERMENTATION METHOD 


No. of Coll. 

7 

8 

7 

7 

6 

8 

5 

6 

7 

Mean Thiamine, ug/g 

2.72 

27.6 

2.54 

3.63 

3.22 

3.96 

3.99 

4.12 

5.46 

Coeff. of Var. % 

15.2 

6.8 

13.8 

12.1 

16.5 

9.7 

2.6 

5.0 

11.1 


1 Values obtained on ordinary enriched flour using distributed sample of thiamine solution for 
reference. 

* Ordinary enriched flout 

* Phosphated enriched flour. 

4 This sample contained riboflavin, thiamine, niacin, and iton at the newly-pro posed higher levels 
f >r enriched flour. 

three groups, namely, wheat fractions, enriched bread, and enriched 
flour. The wheat fractions group includes a cereal and a wheat 
germ sample. Three samples of enriched bread are included and four 
samples of enriched flour. The March sample was a phosphated en¬ 
riched flour and the April sample contained riboflavin, thiamine, 
niacin, and iron at the newly-proposed, higher levels. The table also 
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includes data on number of collaborators reporting in each case and the 
average value as obtained. 

The latter figure is included primarily since another contribution 
at this convention 1 will show that coefficients of variability are usually 
lowest when the sample analyzed is high in thiamine potency. This 
is probably true when dealing with similar materials, but in the case 
of this series, it seems evident that type of sample tested is most 
important. 

The relatively high coefficient for the cereal sample may partly be 
due to the fact that it was the first in the series. The enriched bread 
samples average higher in variability than the flours. It has been 
previously pointed out that this may be due to unsolved extraction 
problems. The last of this series produced results with least vari¬ 
ability by the thiochrome method but with greater error than on the 
other two samples when using the fermentation procedure. Some im¬ 
provement in precision was shown on enriched flours when using the 
thiochrome method except in the case of the last sample. The slightly 
increased coefficient in this case was probably accidental and may have 
no relationship to the inclusion of riboflavin and higher levels of other 
factors. It is not known whether the sharp increase in variability 
when using the fermentation method on this material as compared 
with the excellent agreement shown on February and March samples 
indicates some disturbance of other materials added to the flour, but 
this does not appear to be likely as judged by the agreement between 
this mean value and that for the thiochrome method. The January 
wheat germ sample was analyzed with fair accuracy but no better 
than the average shown on flour samples in spite of the higher potency 
of this material. It is evident that the mean values and coefficients of 
variability are quite similar for the thiochrome and fermentation 
methods. Considering the entire series the average coefficient of 
variation for the thiochrome method is 11.1% as compared with 10.3% 
for the fermentation procedure. 

No listing is made of results obtained when collaborators’ own 
standard solutions were used in testing the November sample. The 
values given are those obtained when using the distributed standardized 
thiamine. The effect of this uniform standard was relatively small. 
Nearly all collaborators found their own solutions to be similar to the 
standard in concentration. The coefficient of variation for the thio¬ 
chrome method was 11.4% when using their own solutions as com¬ 
pared with 10.6% for the standardized thiamine. 

The strength of thiamine standard is a factor in vai lability but 

1 Hildebrand, F. C., and Geddes. W. F. The experimental error of the tk.ochrome method for 
thiamine assay. (To be published in a subsequent issue of this Journal.) 
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other sources of error may be more important. Careful timing of all 
operations in the later stages is essential when using the thiochrome 
method. With some bread samples in particular, it seems that type 
of enzyme and pH of medium are important in obtaining full extrac¬ 
tion. This seems to be more critical in certain laboratories than in 
others for some unknown reason. The question of optimum ferri- 
cyanide level as it applies to the standards and the sample has not 
been settled. It seems evident that excess of ferricyanide lowers 
galvanometer readings, but the question remains as to whether or not 
this cancels out when using the same fixed amounts for the standard and 
the unknown. Some evidence indicates that the amount recom¬ 
mended in published procedures causes more of an excess and a greater 
lowering of readings with the standard than when introduced into 
samples of certain materials. It seems that more studies should be 
made to determine the minimum amount needed to produce maximum 
fluorescence in the standards and in samples of various materials. In 
the fermentation method, the large variability in sulphite blanks is 
difficult to explain. The blanks have not been listed in this summary 
but on most samples the highest blank was as much as 4 or 5 times the 
lowest one reported. 

These suggestions are made with no pretense at covering all critical 
steps in thiamine determinations. Actual studies of procedure can 
best be made in one or only a few cooperating laboratories. It is felt 
that the data obtained may serve as a guide in selecting laboratories 
for a careful comparison of procedures. Such comparisons cannot be 
thoroughly enough made by merely comparing written details of 
method. It may be necessary to watch every move by two different 
analysts to determine why their results are corfsistentiy different. It 
is suggested that collaborators with high and low averages might 
profitably visit each other to observe methods in use, if this is necessary 
to uncover the reason for differences. The person assigned to the 
task of studying methods and uncovering the reason for consistent 
differences should be one well versed in the actual determination and 
one whose major interest is in thiamine assay so that all literature on 
the subject is closeijv followed. Your present chairman does not 
measure up to these tjequirements. 

The specific recommendation made at present is to have someone 
assigned to this critical comparison of thiamine assay methods in a 
limited number of laboratories. It is difficult to make recommenda¬ 
tions on the subject jof continuing monthly check samples as in the 
past year, and if this i done it should be supplementary to an intensive 
study of methods. ; here is a real demand for such service and it 
may serve a useful purpose. Possibly some simplified system for 
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handling samples and reports could be adopted in order to reduce the 
burden of this assignment. Some fee might be charged to cover ex¬ 
penses or it might become an activity of certain local sections. It is 
advisable to give consideration to the use of any check-sample system 
for determinations of all vitamin and mineral factors of current interest 
in cereals instead of limiting the checking to thiamine only. This 
would have particular advantages if proposed methods for the use of 
the same extract in the determination of several vitamins should 
prove practical. The matter of the future of such collaborative check¬ 
ing is left in the hands of the association officials without definite 
recommendation, although further specific studies of methods in use 
is urged as highly desirable. 

REPORT OF 1942-43 METHODS OF ANALYSIS 
SUBCOMMITTEE ON RIBOFLAVIN ASSAY 1 

John S. Andrews, Chairman 
General Mills, Inc., Research Department, Minneapolis, Minnesota 
(Read at the Annual Meeting, May 1943) 

This report deals with a continuation of collaborative studies of 
riboflavin assay methods inaugurated a year ago. Its purpose is to 
evaluate further the procedures designed for the determination of 
riboflavin in cereal products. In planning this continued study, at¬ 
tention has been focused primarily upon the problems presented by 
the expectancy that riboflavin will shortly become one of the required 
ingredients of enriched flour. 

Early this year, letters were sent to some 35 Qualified laboratories 
requesting their cooperation in studying riboflavin assay procedures. 
Thirty-one of these laboratories indicated their desire to participate in 
the program. Most of them indicated their willingness to test the 
submitted procedure, and all agreed to submit! assays of the cereal 
samples. , 

In order to simplify this collaborative work jis far as possible, only 
one method was presented. This was a fluorometric procedure similar 
to that employed in the committee's earlier activities (Andrews, 
1943). Selection of a fluorometric rather than a microbiological pro¬ 
cedure was made since the speed of the former makes it more adaptable 
to the requirements of control assays. 

In presenting this method the collaborators were asked to observe 
particularly two factors which appeared to have an important bearing 
upon the results. One of these pertained to the use of acid extraction 

1 Paper No. 49, Journal Series. General Mills, Inc., Reeearch Department. 
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to liberate any combined forms of riboflavin. The second involved 
the question of sample size. Work carried out in the writer's labora¬ 
tory has suggested that the quantity of sample taken for assay has a 
significant bearing on the results, the values decreasing with increasing 
size. For this reason, small samples were recommended, and wherever 
concentration of the extracts was required it was suggested that larger 
aliquots be passed through the “florisil.” Details of the collaborative 
procedure are presented below: 


FLUOROMETRIC PROCEDURE FOR RIBOFLAVIN ASSAY 


Reagents: 

(1) Sulfuric acid solution, 0.1 A 

(2) Trisodium phosphate solution, 6.5% Na*P 04 - 12 H *0 

(3) Potassium permanganate solution, 4% (freshly prepared) 

(4) Hydrogen peroxide solution, 3% 

(5) Florisil, 60-100 mesh (Floridin Co., Warren, Pa.) 

(6) Pyridine acetic acid solution, 20% pyridine in 2% acetic acid solution 

(7) Sodium fluorescein stock solution, 10 mg/1000 ml. (10 mk/ ml) 

(8) Sodium fluorescein dilute solution, 0.1 ^g/inl 

(9) Riboflavin standard solution, 1 4 ^g/ml in pyridine acetic acid solution 
(reagent 5) 

(10) Acetic acid, glacial 
Special apparatus. 

(1) Adsorption columns; overall length 160 nun, bottom constriction, 2 mm inside 
diameter X15 mm long; column, 10 mm inside diameter X95 nun long; Iwll-shafwl 
top, 40 mm inside diameter X50 mm long. 

(2) Fluorophotometer 

(3) Cylinders, glass stoppered, graduated to 25 ml 


Sample sizes: 


Procedure: 


Whole wheat flour 
Patent flour 
Fortified patent flour 
Fortified white bread 


1.5 g 
5 g 
1 g 
1 g 


Suspend the above quantity of sample in 50 ml 0 LV HjSO* and autoclave at 
15 lb pressure for 15 minutes. Cool. Add 12 ml of 6 5%. XasPO* solution and 2 ml 
of glacial acetic acid. Dilute to 100 ml with distilled water and filter through No 1 
Whatman filter paper discarding the first few ml of filtrate. 

To an aliquot (75 mj for patent and whole wheat flours, 50 ml for fortified flour 
and bread) of extract containing between 1 and 3 of riboflavin add 1 ml of per¬ 
manganate solution, allow to stand 1 minute and add \ ml of 3% HjO* solution or 
enough to decolorize. 

Prepare the adsorption column by first placing a wisp of cotton in the bottom 
and then adding florisil to a height of about 1 to 1 1 2 inches. Wash once with 5-10 ml 
of distilled water. 

Add the decolorized e> tract to the column and allow it to flow through by gravit y. 
Wash the florisil twice wit 1 5 -10 ml portions of distilled water and then dry by draw¬ 
ing air through for a few 1 econds. 

Elute the adsorbed rit oflavin by passing 20 ml of pyridine acetic acid solution (6) 
through the column. Co lect the eluate in the 25 ml graduated cylinder and make 
up to 20 ml with the pyridine acetic acid solution. Mix thoroughly. 

Standardize the fluorophotometer by setting the galvanometer scale to zero with 
the pyridine acetic acid solution (6) in the cuvette. Next set the galvanometer de¬ 
flection for 25 * by means of the diaphragm using the dilute fluorescein standard (8). 1 


* Applies to Pfaltz and BauW instrument. 

•Fluorescein varies in purity; in some instances only half this concentration u required to give a 
deflection of ca 25 when the diaphragm is one-half to two-thirds open. 
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Place 14 ml of the eluate in the cuvette and note the deflection (A). Add 1 ml of the 
riboflavin standard to the unknown in the cuvette and again note the deflection (£). 
Stir a fe^w grains 4 of sodium hydrosulfite into the unknown in the cuvette and observe 
the deflection (C). Just before making each reading check the light intensity with the 
dilute fluorescein standard and adjust the diaphragm to give a galvanometer reading 
of 25. 

Calculation: 

Riboflavin, A*g/g 4 * fo X 0.1 X EF X DF 

Four samples of cereal products were submitted. These were whole 
wheat flour, patent flour, patent flour to which had been added 2.64 ng 
of pure riboflavin per g, and bread made from this enriched flour. 
The bread sample contained riboflavin supplied by the enriched flour, 
and in addition, approximately 0.4 ng/g of riboflavin (air-dried basis) 
derived from 2% of yeast. 

Results are now available from 18 of the collaborators. Thirteen 
of the participating laboratories employed the fluorometric procedure 
described by the committee and in addition some of them used other 
fluorometric methods. Fight laboratories reported microbiological 
values derived from several modifications of the original Snell and 
Strong (1939) procedure. 

Discussion of Results 

Figure 1 reveals the assay values reported for the sample of patent 
flour by both fluorometric and microbiological methods. It will be 
noted that the average obtained by the fluorometric procedure k con¬ 
siderably below that obtained microbiologically (that is, 0.32 as against 
0.50 ng/g). This tendency on the part of the microbiological method to 
produce higher values was observed throughout the collaborative 
study. The histogram reveals a rather wide scattering on the part of 
the individual assays, since the values ranged from a low of 0.1 to a 
high of nearly' 0.9 uglg. While in such a product as patent flour the 
low riboflavin content could be expected to present difficulties for ac¬ 
curate assay s, the present discrepancies must be considered excessive. 
Because of the known tendency' of the microbiological method to 
produce high results, due to difficulties in removing nonflavin growth- 
promoting substances, it is believed that the average of the fluorometric 
assay in this instance is closer to the true riboflavin value. If we omit 
the two microbiological values which fall between 0.7 and 0.9, the 
microbiological average is slightly less than 0.4 Mg/&> a figure in much 
closer agreement with that obtained fluorometrically. On the other 

4 Just sufficient to destroy the greenish-yellow fluorescenti c . „ A . 

__ * L07 i« the correction factor necessitated by the increase in volume caused by adding the standard. 
EF is the elution factor or ratio between the final volume of eluate and volume of extract passed through 
the column. DF is the dilution factor or ratio o? *ne total volume of the extract to the weight of the 
sample. 
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hand, the largest number of fluorometric values fell within the range 
of 0.1 to 0.2 fig/g, and while these values are believed to be excessively 
low, there are no adequate reasons to substantiate this belief. 



ASSAY VALUES — Micrograms par gram 

Fig 1 Distribution of collaborators' nboflavin values for unenriched patent flour as determined b> 
fluorometric and microbiological methods 

Figure 2 represents the collaborators’ values obtained when pure 
riboflavin was added to the patent flour. Once again, the microbio¬ 
logical value (3.15) exceeds the fluorometric (2.62 mr/r)• This dis¬ 
crepancy amounts to about 20%. On the other hand, there is much 



PI*. J. Distribution of collaborator.' riboflavin values for patent flour enrkhed by the addition of 

2.64 a* pureyiboflas in per g 
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better grouping of the fluorometric values since the majority of these 
assays fell within the range of 2.5 to 3 /xg/g. The microbiological 
values tended to be more widely scattered and once again tended to¬ 
ward higher figures. 

By studying the assays of each collaborator for the patent and 
fortified flours it is possible to evaluate the results on the basis of the 
recoveries of the added riboflavin. These recovery data are shown in 
Figure 3. It will be noted that the average recovery in percent defi- 



Fig 3. Distribution of percentage recoveries of riboflavin added to patent flour obtained by different 
collaborators employing fluorometric and microbiological methods. 

nitely favors the microbiological procedure, since it is quantitative, 
while in the instance of the fluorometric method the recovery is only 
87%. One must be extremely cautious, however, in drawing sig¬ 
nificant conclusions from these observations. A study of the distribu¬ 
tion of the collaborators’ results reveals considerably greater disagree¬ 
ment in the instance of the microbiological method. As in the instance 
of the patent flour, two excessively high microbiological values ac¬ 
counted largely for the excellent average recovery. For this reason, 
it is believed that the microbiological findings must be regarded as 
entirely fortuitous until better agreement between laboratories can be 
achieved. Despite the fact that the recoveries obtained fluorometri- 
cally are somewhat low, the better distribution of individual values 
would appear to favor this type of procedure. 

The results of an examination of anottyfc'-Cample of flour containing 
added riboflavin was afforded by tj^i April check sample of the Sub¬ 
committee on Thiamine Assay, figure 4 presents the assay values 
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reported by 14 collaborators using fluorometric procedures. While 
the degree of unanimity between these 14 collaborators fails to reach 
the desired goal, it is perhaps encouraging to note the absence of 
widely divergent assays. This is particularly true when one considers 
that 50% of the values fell within a range of ±5%, and practically 
two-thirds of the collaborators agreed with ±10%. 



Fig 4 Distribution of riboflavin values obtained by 14 collaborators using fluorometric procedures 
in assaying a sample of patent flour enriched with thiamine and riboflavin (April check test sample ot 
Subcommittee on Thiamine Assay). Quantity of riboflavin added was 2 64 ms pure riboflavin per g 


The fluorometric methods employed by these collaborators were 
quite varied and incompletely described. They include the fluoro¬ 
metric procedure employed in last year's collaborative study, other 
modifications of the ^ Conner-Straub (1941) procedure, and several 
so-called “chemical methods” developed in individual laboratories. 
This heterogeneity has prevented any accurate evaluation of the several 
fluorometric techniques represented. One of the future problems of the 
collaborative committee will be the evaluation of the various fluoro¬ 
metric procedures and standardization of the one which promises to be 
the most satisfactory. 

Dr. Visser't Hooft, who prepared these samples, informs ine that 
they were made by adding 2.64 txgjg of pure riboflavin. If we assume 
that the base flour originally contained between 0.3 and 0.4 Mg/g, it 
will be noted that the average of 3.02 fig/g represents a very satis¬ 
factory recovery. 4 % 

Figure 5 shows the results fife * ined from the assays of the fortified 
bread. The average obtained microbiologically exceeds the fluoro- 
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metric by approximately 15%. The tendency toward better grouping 
on the part of the fluorometric values would appear to favor this 
procedure, at least from the standpoint of reproducibility in different 
laboratories. However, there is considerable spread in both pro¬ 
cedures, and cognizance should be taken of the fact that the number 
of microbiological values is considerably less than of the fluorometric. 



ASSAV VALVES — Microffmt #«r § rim 


Fig 5 Distribution of (ollaboratort' riboflavin value*; for bread made from patent flour (enriched 
with 2 64 mK of pure riboflavin per g and approximately 0.4 riboflavin per g derived from yeast), 
us determined b\ fluorometric and microbiological methods 

Figure 6 reveals the percentage of recoveries based on the amount 
of riboflavin added to the patent flour both as crystalline material and 
in the form of yeast. In presenting these recovery values, it has been 
assumed that no measurable loss of riboflavin occurred during baking. 
Once again it will be noted that the best recovery was obtained in the 
instance of the microbiological method, since 98% of the added ribo¬ 
flavin was registered by the assav average. The recovery by the 
fluorometric procedure was essentially the same as that observed in 
the fortified flour, A study of the distribution of the assay values 
suggests that, on the average, bread offers greater difficulties. The 
fairly favorable average recovery appears to be attributable to a 
fortuitous balano between the excessively high and excessively low’ 
values from several individual laboratories. The available data do not 
reveal the cause of this discrepancy. 

The wide divergence in the instance of the microbiological values 
and the distribution of these values is far^firom satisfactory. In the 
instance of the high microbiological values shown here, two of the 
three participating laboratories als* employed fluorometric procedures. 
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One of these obtained excellent agreement between the fluorometric 
and microbiological assays, while the other reported fluorometric 
values which were much lower and closer to the fluorometric average. 

A study of the assays reported by the individual laboratories 
reveals that in most instances there is a tendency to be consistent in 
all of the samples. Laboratories which appear to be low in the in¬ 
stance of the fluorometric determinations should give attention to the 
step employing adsorption on “florisil.” A recent experience suggests 
that this operation may be one possible source of error. The case at 
point concerns an analyst who was obtaining quite satisfactor> 
fluorometric assays, as based on recoveries, and who for some unknown 
reason suddenly began to experience extremely low values. Exami- 



Fig 6 Diatribution of percentage recoveries of riboflavin in the analysis of bread made from en¬ 
riched patent flour Recoveries are based on the amount of riboflavin added to the patent flour both 
as crystalline material and in the form of yeast, assuming no loss during baking. 


nation of the problem revealed that, at this point, he had changed 
from an old batch of “florisil” to a new supply. When tested with 
pure riboflavin the new lot of adsorbent gave practically quantitative 
assays, but when added to cereals the quantitative aspects were en¬ 
tirely lost. Upon returning to some of the initially used “florisil,” 
no difficulty was experienced. It would thus appear that the difficulty 
could be attributed to variations in "florisil,” and for this reason it is 
recommended that those analysts who experience low recovery values 
carefully examine this adsorption step. This examination should 
include not only the use^ a pure riboflavin solution, but also a cereal 
extract to which known qi^ntities of riboflavin have been added. 
In this way the question of tfie .efficiency of the “florisil” adsorption 
can be established. 
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In the present collaborative study, there has been some indication 
that this same situation may prevail in other laboratories. Two of 
the collaborators carried out recovery experiments in addition to those 
represented in the samples and reported exceedingly low values. One 
collaborator was inclined to attribute this to the effect of heating, 
since when using a boiling water bath for the extraction he obtained 
much higher recoveries than with the autoclave. While the heating 
may have had some indirect effect on the adsorption, it is entirely 
possible that the quality of the “florisil” itself was not entirely 
adequate. 

Figure 7 shows the collaborators’ data for the sample of whole wheat 
flour. Once again the average microbiological value is considerably 



ASSAY VALUES— Microgroma p§r gram 

I<ig 7. Distribution oi collaborators' riboflavin values for whole wheat Hour, as determined by 
fiuorometnc and microbiological methods. 

higher than the fiuorometnc. The groups of the individual values 
show better distribution for those measured by the fluorometric pro¬ 
cedure. Two outstandingly high microbiological values account for 
practically all the discrepancy between the two types of assay pro¬ 
cedures. It should be noted that this tendency toward high micro¬ 
biological values is not entirely universal, since several collaborators 
obtained assays which must be considered too low. 

Some of the collaborators carried out a fairly extensive study of 
their observations, and have made definitgj^ontribuflions in the way 
of comments and suggestions. One difj^irfty which wa& observed by 
several laboratories concerned the clarity of the extracts. The sample 
of bread, in particular, appeared to filter with considerable difficulty 
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and produced cloudy filtrates. It is suggested that those who en¬ 
counter such difficulties should pay particular attention to the acidity 
of their extracts, since pH control will go a long way toward alleviating 
this difficulty. 

There is still some question about the quantity of hydrosulfite 
which should be employed for reducing the riboflavin. There seems 
to be no question about the necessity of using limited quantities, since 
excessive amounts have an adverse effect. One collaborator rccom- 

TABLE I 

Summary of Collaborative Riboflavin Assays by the Fluorometric Method 


Collaborator 

Riboflavin in m8/s 

Recovery of added riboflavin 

Patent 

flour 

Fortified 

flour 

Fortified 

bread 

Whole wheat 
flour 

Flour 

Bread 


■Mi 




hilt 

% 

Hilt 

% 

A 

■SOTl 

2.86 


1.13 

2.54 

96 

2.73 

90 

B 


2.60 

2.96 

1.07 

2.26 

85 

2.62 

86 

C 

0.43 

3.01 

3.54 

1.61 

2.58 

98 

3.11 

102 

D 

0.34 

2.59 

3.13 

1.50 

2.25 

85 

2.79 

92 

E 

0.44 

2.72 

3.23 

1.59 

2.28 

87 

2.79 

92 

F 

0.68 

3.50 


2.10 

2.82 

107 

4.22 

139 

G 

0.26 

2.61 

3.12 

1.18 

2.35 

89 

2.86 

94 

H 

0.11 

2.57 

1.79 

1.10 

2.46 

93 

1.69 

56 

I 

0.20 

2.69 

2.88 

0.96 

2.49 

94 

2.68 

86 

J 

0.18 

2.20 

2.71 


2.02 

77 

2.53 

83 

K 

0.13 

0.81 

0.84 

0.36 

0.68 

26 

0.71 

23 

L 

0.10 

1.85 

2.32 


1.75 

66 

2.22 

73 

M 

0.70 

4.06 

4.75 

2.49 

3.36 

127 

4.05 

133 

Mean 

0.32 

2.62 

3.01 

1.25 

2.30 

87 

2.69 

88 

Minimum 

0.10 

0.81 

0.84 

0.36 





Maximum 

0.70 

4.06 


2.49 





The following results were obtained too late to be included in the tabulation 
on which the graphs were based 

R 

0.13 

2.29 

2.61 

0.74 

2.16 

82 

2.48 

82 


mends dissolving the hydrosulfite in pyridine and using two drops of 
this fresh solution (5%) in place of the solid. 

Several collaborators confirmed the writer’s observations that 
increased assay values accompanied the use of smaller samples and 
that acid extraction gave somewhat higher values than those obtained 
by extraction with water. 

One collaborator suggested that the photosensitive nature of ribo¬ 
flavin would result in a loss between the initial reading and that ob¬ 
tained after adding'purd^nflavin. Any prolonged exposure of the 
solution to the incident lignTVhould, of course, be avoided, and with 
proper precautions this does not seem to be a serious problem. 
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Several collaborators reported that bubbles resulting from decom¬ 
position of hydrogen peroxide interfered during the adsorption. This 
can be considerably eliminated by allowing the extract to stand IS to 
20 minutes prior to the adsorption step, or perhaps brief heating would 
be adequate. This phase has not been explored, since it has never 
appeared to offer a major difficulty. 

The desire for increased speed in carrying out the fluorometric 
method has been expressed from several quarters. In the writer's 

TABLE II 

Summary of Collaborative Riboflavin Assays by the Microbiological Method 


Collaborator 

Riboflavin in mC/K 

Recovery of added riboflavin 

Patent 

flour 

Fortified 

flour 

Fortified 

bread 

Whole wheat 
flour 

Flour 

Bread 






ml* 

% 

ngfg 

% 

A 

0.56 

2.73 

2.98 

1.51 

2.17 

82 

2.42 

80 

D 

0.34 

2.73 

2 78 

1.51 

2.39 

90 

2.44 

80 

N 

0.24 

1.99 

2.38 

0.84 

1.75 

66 

2.14 

70 

E 

0.79 

4.70 

5 40 

4.90 

3.91 

148 

4.61 

152 

F 

0.86 

4.35 

4 57 

2.33 

3.49 

132 

3.71 

122 

O 

0.23 

1.97 

2 45 

1.03 

1.74 

66 

2.22 

78 

P 

0.58 

2.91 

3.01 

1.37 

2.33 

88 

2.43 

80 

Q 

0.40 

3.80 

4.20 

1 20 

3.40 

128 

3.80 

125 

Mean 

50 

3 15 

3 49 

1 84 

2.65 

100 

2.99 

98 

Minimum 

0.2 3 

1.97 

2 38 

0.84 





Maximum 

0.86 

4.70 

5 40 

4 90 

i 






The following results were obtained too late tp be included in the tabulation 
on which the graphs were based 


S 

0.40 

3.10 

3.40 

1.33 

2.70 

102 

3.00 

99 

T 

0.43 

1.80 

1.80 

1.20 

1.37 

52 

1.37 

45 

U 

0.44 

2.27 

3.05 

1.20 

1.73 

66 

2.61 

86 


laborator> a few experiments have considered the possibility of omit¬ 
ting the permanganate treatment. While this study has not been 
sufficiently complete to justify specific recommendations, it appears 
possible that in the case of enriched flour such omission can be satis¬ 
factorily made. However, for the assay of bread, the oxidatiQ^ treat¬ 
ment must be carried out; otherwise, excessively high values will 
normally result. 

Summary 

The assay results reported by 18 collaboptac, toi four samples of 
cereal products are summarized in Tabj;\» l/<*5nd II. Table I consoli¬ 
dates the data derived by fluorometric metftxls and Table II the re¬ 
sults obtained by the microbiological procedure. These data are the 
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basis of the several figures presented in the discussion section of this 
report. 

Comparison of the average results obtained by microbiological and 
fluorometric methods shows that the former tends to given somewhat 
higher and more erratic results. To a considerable extent, however, 
this difference is due to one or two excessively high microbiological 
values. Based on riboflavin recoveries, both methods appear to be 
capable of performing fairly satisfactorily. There is, however, too 
wide a spread between the values from some of the laboratories. The 
available data do not reveal the cause of these discrepancies. 

It is particularly difficult to draw definite conclusions in view of the 
close agreement observed by several laboratories for some of the 
samples and the wide variance for the others. Thus, for the micro¬ 
biological method four laboratories reported practically identical 
values for the patent (0.40 to 0.44 jzg/g) and whole wheat (1.20 to 1.33 
Mg/g) flours, while at the same time their values for the fortified flour 
and bread covered a range greater than two-fold, recoveries varying 
from 52 to 128% and 45 to 125%, respectively. Only one of these four 
laboratories recovered quantitatively the amount of added riboflavin. 
Why should their techniques perform apparently satisfactorily on 
natural products and fail on those which had been fortified? 

Throughout all the collaborative results there is a marked tendency 
for both fortified products to exhibit the same discrepancies. Labora¬ 
tories obtaining poor recoveries for the flour almost invariably obtained 
similar results for the bread. The same trend was observed when 
recoveries were excessively high. It would appear that the problems in 
assaying these two types of products are essentially similar. 

On the basis of the above collaborative findings, it is recommended 
that the individual analysts give particular attention to the assay of 
fortified products noting their ability to “recover” added riboflavin. 
While this will not prove that the magnitude of their assays is correct, 
it will at least aid materially in guiding their assay techniques. Pres¬ 
ent procedures should not be condemned until failure to obtain good 
recoveries by carefully following the prescribed procedure has been 
adequately demonstrated. It is recommended that future collabora¬ 
tive activities focus their major consideration on those parts of the 
procedures which present greatest possibilities for error. 
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THE CORRELATION OF MIXOGRAMS WITH 
BAKING RESULTS 1 

John A. Johnson, C. O. Swanson, and E. G. Bayfield 

Kansas State College, Manhattan, Kansas 
(Read at Annual Meeting, May 1942) 

Recent developments in the determination of physical properties of 
flour doughs have centered on mechanisms that measure changes in 
the combined effects of elasticity, plasticity, and viscosity as functions 
of continuous mixing. The National-Swanson-Working recording 
dough mixer or mixograph is such a mechanism. Curves from the 
mechanism are called mixograms (Swanson and Johnson, 1943). 
Several workers have demonstrated the usefulness of recording dough 
mixers in studying the physical properties of doughs and have at¬ 
tempted to associate these properties with the baking* quality of flour. 
While these researches have contributed knowledge of the relationship 
of physical properties of doughs to other quality factors, no systematic 
and statistical study relating mixogram characteristics directly with , 
baking results has been reported. The study reported here was dejf 
signed with that purpose in mind. 

Review of Literature - i-mperature 

. # edients and ap- 

American cereal chemists have contended that, tcj^g laboratory. 

results of physic al methods of testing fl^.r quali^ malt-phospi’te- 

1 Contribution No. 97, Department of Milling Industry.! Condensed2j\ th** rlrh formula 
John A. Johnson to the graduate faculty, Kansas State College, in par* ncn wnuuia / 

ments for the degree of Master of Science. 
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correlated with baking results. Geddes, Larmour, and Mangels (1934) 
stated that interpretation of results of physical tests for measuring flour 
qualities must be based upon baking results in order to be acceptable to 
American chemists. Malloch (1938) also contended that interpreta¬ 
tion of recording dough mixer curves must be associated with baking 
results. Swanson and Working (1933) stated that results from a large 
number of flours from different wheat classes would be necessary to 
establish the relationship between curve characteristics and baking 
quality. 

An interpretation of mixogram characteristics in the light of phys¬ 
ical and baking properties was given by Swanson and Clark (1936). 
The dough development time was accepted as indicative of the amount 
of mixing required to develop a dough to optimum consistency. The 
height was found to increase directly with increasing protein content 
and inversely with increasing absorption. The width of the curve at 
the peak was thought to indicate elasticity. Swanson (1940) later 
modified this interpretation of curve width, because he found that a 
starch-water system gave a wide band. This agrees with the findings 
of Markley (1937). Curves exhibiting a small rate of‘dough weakening 
upon being overmixed were thought to possess the greatest tolerance 
to overmixing. 

Swanson (1936), in a study of the relationship of curves to quality 
in wheat varieties, concluded that mixograms with a small area under 
the curve and a rapid breakdown following the peak indicate low mix¬ 
ing tolerance, and that curves with broad tops and amplitudes that 
persist beyond the peak indicate good bread flours. Because curves 
have characteristics that are functions of varietal differences, he sug¬ 
gested that preliminary testing of new varieties be made by means of 
the mixograph. 

Larmour, Working, and Ofelt (1939) studied a series of wheat 
varieties at several protein levels by means of baking and curves. 
These authors considered that the greatest value of the curves, pro¬ 
vided the protein content is known, is to identify the type to which a 
flour belongs. The curves tended to establish qualitative differences 
4 between flours that were or were not different in baking quality. 
ti x The relationship of the normal farinogram to the baking strength 
procV estern Canadian wheat samples was studied by Geddes, Aitken, 
~" ; sher (1940). Higher simple correlation coefficients between 
mt and loaf volume were obtained than between loaf 
The author wi ", principal farinogram characteristics. Partial correla- 
^IjliK.^^lnssefaer^ e P en dent of protein content, between farinogram 
Carl Niefsen, Abbott’Lai loaf volume were either of low order or nonsig- 
F^ C R£^chUb E ora B torfe Qrs concluded that no increase in precision was 
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obtained in estimating loaf volume from protein content by the inclu¬ 
sion of a farinogram measurement. The utility of the farinogram was 
considered to be largely as a source of accessory information such as 
an aid in determining correct absorption, optimum mixing time, and 
mixing tolerance. 

It was thought that a similar study with the mixograph would be 
valuable. It is realized that the flour-water mixogram may not be 
expected to show responses of a flour to certain baking ingredients and 
treatment. However, it was thought valuable to study the relation¬ 
ship of the mixogram characteristics to baking results in such a manner 
as the mixogram is commonly employed, with accepted baking formulas 
and methods. 

Materials and Methods 

Si v ty-three composite samples representing 12 pure wheat varieties 
each dng 4 to 6 protein levels were experimentally milled, analyzed, 
and be JftL Ten of the varieties (Turkey, Tenmarq, Comanche, 
PawneeSF ''hull, Early Blackhull, Chiefkan, Nebred, Kanred, and 
CheyennS^V—*>sent hard red winter wheat, whereas Kawvale is a 
semihard w \ Harkan a soft wheat, and both are classed as soft red 
winter whea V ~~ 

The whear-^-liilled on a Buhler experimental mill under con¬ 

stant atmosphe i. Scinditions of approximately 80°F and 65% relative 
humidity. AJ1 h * samples, prior to baking and making of mixo- 
grams, were oG-hflor six weeks in the mill room before removal to 
storage at a£ ^e\y 45°F. 

Mixograms j^ade before baking, at No. 9 spring setting, with 
35 g of flour (15^ nftoisture basis). The absorptions used for the 
mixograms as well as those for baking (with adjustments for formulas 
and flour moisture) were calculated by use of a regression equation of 
absorption (15% moisture basis) based on protein content. The re-t 
gression equation—absorption (15% moisture basis) = 0.92 flour pro¬ 
tein + 49.03—was calculated from data obtained by determining the 
absorption by manual 4 ‘feel” of the dough, of high and low protein 
flours of each variety. While the flour absorption calculated from this 
equation was satisfactory for the samples used in this study, it may 
not be satisfactory for other clashes of wheat or even for samples of 
the same class for another crop year. A similar procedure was used by 
Johnson and Swanson (1942). To obviate the effect that temperature 
fluctuations might have on the mixograms, the ingredients and ap¬ 
paratus were helcf at 77°F in the air-conditioned baking laboratory. 

The flours were baked by three procedures, the malt-phosphate- 
bromate (fy&PB) formula (Aitken and Geddes, 1934), the rich formula 
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(Ofelt and Larmour, 1940), and the latter formula with overmixing for 
two minutes beyond the optimum as indicated by the mixograms. 
The formulas contained the following ingredients: 


MPB (grams) 


Rich (grams) 


Flour (15% moisture basis) 

Sugar 

Salt 

Yeast 

Dry milk solids 

Shortening 

KBrO, 

Malt syrup 
NH 4 H 2 P0 4 
Water 


100 

5.0 

1.0 

3.0 

0.0 

0.0 

0.001 

0.3 (200°L) 

0.1 

As calculated from 
regression equation 


100 

6.0 

1.5 

2.0 

6.0 

3.0 

0.001 

0.25 (120°L) 

0.0 

Plus 2% over that 
calculated from re¬ 
gression equation 


The doughs for baking were mixed in a Swanson-Working jf\>e of 
mixer, at 96 rpm, to an optimum development previously f . 40 ) *shed 
by the mixogram. The mixer bowl had two fixed pins in .ound trically 
opposed positions. Preliminary studies indicated that A th the^ n K time 
shown by the mixogram was about minute too l'joughn the MPB 
formula and approximately 3^ minute too short fr greatech formula. 

After mixing, the doughs were fermented at 85% relative 

humidity for intervals of 105 minutes (to first pp Q f cur'0 minutes (to 
second punch), and 25 minutes (to pan), a to-h a s 3 hours. The 
punching was done with a National pup sheetcr c^Jr. the molding was 
done with a Thompson laboratory molder. Proofing was at 30°C and 
85% relative humidity for 55 minutes. The tall A.A.C.C. approved 
pans were used. Baking was done in a Despatc h oven at 425°F for 25 
minutes. All loaves were weighed and measur/ed for volume immedi¬ 
ately after removal from the oven. Texture, grain, and crumb color 
scores were made approximately 16 hours after baking. One loaf was 
baked from each flour on successive days until the loaf volumes checked 
within 25 cc. 

The mixograms were segregated on basis of five main characteris¬ 
tics, according to the plan described by Swanson and Johnson (1942). 
In addition to the characteristics described by these authors, the width 
of the mixogram at the peak and the area under the mixogram from 
starting point to point of minimum mobility were measured. A simple 
schematic diagram of a mixogram is given in Figure 1 for convenient 
reference. The distance between arcs represents approximately one 
minute (Fig. 1). The mixing time is measured by the number of arcs 
or fractions thereof from the start to the point of minimum mobility, 
or peak. The development angle DOT is formed by * the ascending 
slope and a horizontal line drawn to the left from the peak. The 
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range-of-tolerance angle DOW is formed by the ascending and de¬ 
scending slopes. The height H is determined by the number of hori¬ 
zontal units on the chart from the base to center of the mixogram at 
the peak The width M-R is the distance between two lines drawn 



Fig l Schematic diagram showing mixogram measurements 


<it the top and bottom of mixogram band at the peak and is expressed 
in horizontal chart units The weakening angle WON is formed by 
the first portion of the descending slope and a horizontal line drawn 
from the right of the peak The area is the portion enclosed beneath 
the mixogram during the dough development period and is measured 
with a planimeter It is enclosed bv the boundary ABOCF. 

Experimental Data 

The loaf volumes obtained from both formulas, the protein con¬ 
tents, and mixogram measurements are presented in Table I. The 
data are arranged in order of increasing protein content within each 
variety The mixograms from which the measurements were taken 
are presented in Figure 2 and are arranged from left to right in order 
of increasing protein content for each variety 

Grain, texture, and crumb color scores are not included in Table I, 
because they were subjective and not suitable for statistical treatment. 
A brief summary of these values is given, however. With increasing 
protein content the texture of the bread was found to improve, while 
the grain became increasingly open, reaching an optimum at about 12% 
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TABLE I 

Protein Content, Loaf Volume, and Mixogram Data for Flours 


Serial 

num¬ 

ber 

Curve 
No., 
Fig. 1 

Flour 
pro¬ 
tein 1 

Loaf volume 

Mixogram characteristics 

MPB, 

opti¬ 

mum 

mix 

Rich, 

opti¬ 

mum 

mix 

Rich, 
decrease 
by over¬ 
mix * 

Mix¬ 

ing 

time 

Angle 

DOT 

Area 

Angle 

DOW 

Hdi^ht 

Width 

R-M 

Angle 

WOW 



% 

cc 

cc 

cc 

min 

deg 

cm* 

deg 

units 

units 

deg 


TURKEY 


1688 

1 

8.1 

600 

700 

37 

3.7 

15 

18.6 

164 

36 

0.9 

4 

1689 

2 

9.0 

618 

745 

37 

3.4 

18 

21.2 

156 

40 

1.2 

7 

1690 

3 

10.4 

770 

843 

75 

2.8 

59 

19.9 

123 

52 

1.3 

18 

1691 

4 

11.6 

828 

903 

83 

2.5 

58 

15.4 

102 

58 

1.6 

20 

1692 

5 

13.2 

938 

1025 

147 

2.7 

54 

19.3 

100 

68 

2.0 

26 

1693 

6 

14.5 

1055 

1085 

127 

3.0 

50 

26.3 

93 

76 

2.5 

35 


TENMARQ 


1694 

7 

8.6 

603 

655 

30 

6.0 

6 

27.6 

167 

30 

0.9 

6 

1695 

8 

9.3 

665 

700 

32 

3.7 

18 

23.1 

157 

40 

1.3 

6 

1696 

9 

10.5 

773 

780 

47 

3.1 

31 

23.1 

135 

52 

1.7 

14 

1697 

10 

11.8 

855 

865 

80 

3.3 

35 

27.6 

123 

58 

1.8 

20 

1698 

11 

13.2 

911 

970 

127 

3.0 

50 

27.0 

109 

68 

2.0 

20 

1699 

12 

15.2 

1050 

1066 

126 

3.5 

45 

30.2 

103 

76 

2.4 

32 


COMANCHE 


1737 

13 

9.2 

640 

712 

47 

4.9 

14 

32.8 

158 

43 

1.1 

8 

1738 

14 

10.4 

725 

752 

29 

3.8 

31 

29 6 

134 

58 

1.6 

15 

1739 

15 

11.9 

829 

873 

98 

3.8 

35 

30.8 

130 

56 

1.6 

15 

1740 

16 

13.3 

909 

950 

132 

2.8 

49 

25.1 

108 

70 

2 * 

23 

1741 

17 

14.5 

1007 

993 

128 

2.6 

54 

24.4 

96 

76 

20 

29 

1742 

18 

16.1 

1238 

1188 

143 

3.6 

45 

24.7 

108 

76 

2.7 

29 






PAWNEE 







1731 

19 

8.6 

585 

697 

37 

2.5 

20 

12.9 

161 

33 

0.9 

4 

1732 

20 

9.5 

655, 

708 

58 

2.3 

40 

13.5 

127 

45 

1.2 

10 

1733 

21 

10.3 

677 

740 

45 

2.0 

58 

12.2 

104 

54 

1.5 

18 

1734 

22 

11.8 

850 

868 

100 

1.8 

53 

15.4 

104 

60 

1.6 

22 

1735 

23 

13.2 

903 

900 

117 

1.6 

62 

14,1 

89 

68 

2.0 

29 

1736 

24 

14.9 | 

1080 

1028 

145 

2.1 

i 

66 

17.4 

74 

80 

2.2 

38 


BLACKHULL 


1700 

25 

8.7 

625 

725 

25 

3.5 

*20 

18.6 

153 

36 

0.8 

7 

1701 

26 

9.4 

678 

735 

37 

2.3 

42 

13.5 

120 

46 

r.o 

18 

1702 

27 

10.7 

740 

852 

47 

2.3 

49 

14,1 

110 

53 

1.1 

21 

1703 

28 

12.3 

853 

920 

132 

2.0 

59 

16.1 

90 

63 

1.2 

30 

1704 

29 

13.6 

909 

966 

— 

2.0 

61 

15.4 

90 

64 

1.7 

29 

1705 

30 

14.3 

980 

1045 

142 

2.0 

60 

16.1 

89 

70 

1.9 

32 


1 Moisture basis 15%. 

* Rich forfhula optimum mix loaf volume minus rich formula loaf volume with 2-minute overmixing. 















$*pu i#43 JOHNSON, SWANSON, AND BAYFIELD 631 


TABLE I— (Continued) 


Serial 

num¬ 

ber 

Curve 
No., 
Fig. 1 

Flour 
pro¬ 
tein 1 

Loaf volume 

Mixogram characteristics 

MPB, 

opti¬ 

mum 

mix 

Rich. 

opti¬ 

mum 

mix 

Rich, 
decrease 
by over¬ 
mix * 

7 

Mix- 

ing 

time 

s 

Angle 

DOT 

Area 

s 

Angle 

DOW 

s' 

He^ht 

T 

Width 

R-M 

Angle 

WOW 



% 

Cl 

cc 

cc 

min 

deg 

cm 3 

deg 

unit * 

units 

deg 


EARLY BLACKHULL 


1725 

31 

9.4 

615 

748 

23 

l 

2.3 

44 

13.5 

119 

46 

1.3 

16 

1726 

32 

10.7 

709 

783 

33 

1.8 

64 

11.6 

86 

60 

1.8 

30 

1727 

33 

12.0 

783 

840 

25 

2.0 

58 

14.8 

95 

60 

1.6 

27 

1728 

34 

13.3 

904 

940 

105 

2.0 

60 

13.5 

92 

65 

1.8 

28 

1729 

35 

15.2 

982 

1038 

153 

2.3 

58 

18.6 

88 l 

71 

1.8 

34 

1730 

36 

16.3 

1070 

; 

1135 

205 

1.9 

66 

16.7 

68 

81 

2.3 

46 


CHIEFKAN 


1710 

37 

9.9 

645 

695 

97 

2.0 

65 

10.3 

95 

56 

1.4 

19 

1711 

38 

10.9 

707 

705 

100 

1.8 

70 

14.8 

82 

65 

1.4 

28 

1712 

39 

12.1 

745 

740 

102 

1.8 

75 

10.3 

70 

67 

1.6 

35 

1713 

40 

12.9 

808 

813 

106 

1.8 

72 

14.1 

70 

76 

1.8 

38 

1714 

41 

15.0 

853 

880 

142 

2.0 

70 

14.1 

71 

78 

2.5 

40 


NEBRED 


1706 

42 

10.9 

790 

895 

107 

2.5 

45 

20.6 

116 

62 

1.7 

17 

1707 

43 

12.0 

825 

899 

79 

2.6 

49 

25.1 

113 

70 

1.8 

21 

1708 

44 

13.2 

875 

965 

122 

2.8 

45 

24.4 

115 

67 

2.1 

20 

1709 

45 

15.0 

1035 

1078 

98 

2.8 

51 

28.9 

95 

84 

3.2 

34 


KANRED 


1743 

46 

10.8 

692 

733 

28 

2.4 

45 

19.3 

121 

58 

1.6 

13 

1744 

47 

11.8 

783 

793 

70 

2.0 

60 

14.8 

97 

63 

1.7 

21 

1745 

48 

13.0 

907 

875 

82 

1.8 

70 

12.2 

88 

70 

2.0 

26 

1746 

49 

14.7 

1010 

965 

155 

1.8 

67 

10.9 

83 

73 

2.0 

30 


CHEYENNE 


1747 

50 

9.3 

627 

700 

67 

3.0 

33 

19.9 

134 

50 

1.1 

11 

1748 

51 

9.9 

675 

725 

87 

3.5 

30 

23.8 

140 

50 

1.5 

11 

1749 

52 

11.2 

698 

740 

87 

3.5 

39 

28.9 

124 

64 

1.5 

16 

1750 

53 

12.8 

825 

! 

855 

157 

2.9 

50 

21.2 

110 

66 

1.7 

20 


KAWVALE 


1715 

54 

7.8 

593 

628 

23 

3.0 

11 

16.7 

160 

34 

0.9 

8 

1716 

55 

9.3 

650 

703 

65 

2.5 

37 

15.4 

130 

48 

1.2 

12 

1717 

56 

10.3 

709 

748 

63 

2.3 

50 

14.8 

112 

53 * 

1.4 

18 

1718 

57 

12.3 

845 

889 

72 

2.2 

50 

16.1 

111 

54 

1.4 

19 

1719 

58 

13.0 

933 

935 

75 

2.5 

50 

18.6 

100 

62 

1.4 

29 

1720 

59 

14.3 

1008 

1023 

103 

2.8 

47 

23.1 

105 

64 

1.6 

25 


CLARKAN 


1721 


9.3 

668 

758 

103 

2.0 


■IRi 



0.8 

7 

1722 

61 

fiuEl 

703 

765 

58 

1.8 


IMl 



1.0 

13 

1723 

62 

11.5 

730 

840 

120 

1.4 


Km 


48 

1.1 

18 

1724 

63 

12.9 

770 

853 

48 

1.5 


■ IRi 

82 

64 

1.6 

39 












632 


CORRELATION OF MIXOGRAMS WITH BAKING 


Vd. 20 


to 13% protein levels. The bread from the rich formula, in general, 
had better texture and grain than that from the MPB formula. Bread 
from Tenmarq, Turkey, Comanche, Kawvale, Pawnee, Nebred, and 
Blackhull had slightly better texture and grain than that from the 
other varieties. The grain of the Chiefkan, Cheyenne, and Early 
Blackhull breads was either open or had heavy cell walls. 

The crumb color scores indicated that Turkey, Kawvale, and 
Nebred samples were decidedly yellow, indicating high pigmentation. 
Turkey and Nebred samples had a higher luster of crumb than Kaw¬ 
vale. Tenmarq samples exceeded all other samples in creamy white¬ 
ness of crumb color with a highly desirable sheen. Clarkan samples 
had a clear white but dull crumb color. 

Discussion 

Loaf volume has been used as the chief criterion of baking quality 
in this study, because it is the only objective value obtained by actual 
measurement. Sufficient evidence is found in the literature to suggest 
that loaf volume is a measurement of flour quality provided adequate 
baking methods are used (Aitken and Geddes, 1939). 

Covariance analysis of loaf volume data: An examination of the values 
for loaf volume in Table I show that the two formulas did not give the 
same ranking in loaf volume. To test the significance of this apparent 
disagreement between the two formulas, the loaf volume and protein 
data were submitted to covariance analysis. The covariance analysis 
data for both formulas combined are presented in Table II. From this 


TABLE II 

Analysis of Covariance of Loaf Volume and Protein Content Data 
FOR THE MPB AND RlCH FORMULAS 


Source of variation 

Degrees of 
freedom 

Mean 

square 

Difference for testing adjusted variety means 

11 

14.989.4f 

Difference for testing between formulas 

1 

69,900.0t 

Difference for testing variety-formula interaction 

11 

4,478.7f 

Residual error 

101 

1,038.4 


t Highly significant. 


table it becomes evident that a significant difference existed between 
varieties and between formulas. A significant variety-formula inter¬ 
action indicated that varieties reacted differently to treatment accorded 
them by the baking formula. Because of this interaction, a study of 
the relationship of mixogram characteristics to baking results must 
necessarily be made separately for each baking formula. 





“• 2 ‘ left * 
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Covariance analysis of the loaf volume data, with each formula 
treated separately, are presented in Table III. The mean adjusted 
loaf volumes proved significantly different for the different varieties, 
regardless of formula. The rich formula gave greater differentiation 
between samples, as is shown by the F ratio 5.47 for the MPB formula 
compared to the F ratio 15.81 for the rich formula. 

TABLE III 

Analysis of Covariance of the Loaf-Volume and Protein-Content Data, 
Treating Each Formula Separately 



Degrees of 

Mean 

Source of variation 

freedom 

square 

Difference for testing adjusted mean loaf volume 

10 

7,392.0f 

for MPB formula 



Residual error 

50 

1,352.1 

Difference between individual variety regressions 

39 , 

742.7 

of loaf volume on protein content 



Differences for testing adjusted mean loaf volume 

10 

12,573.1 f 

for the rich formula 



Residual error 

50 

795.4 

Differences between individual variety regressions 

.39 

567.11 

of loaf volume on protein content 




t Highly significant. 


Relationship of loaf volume to protein content as reflected by varieties: 
The significance of the increase in loaf volume with increments in 
protein for individual varieties was tested and the results are also pre¬ 
sented in Table III. It appears that the samples as a group could be 
considered representative of the same population as far as the regression 
coefficient of loaf volume on protein content is concerned. Thus, these 
data do not appear to support the view that regression of loaf volume 
on prote : n content is a varietal characteristic. If many more samples 
for each variety had been available, it is possible that significant differ¬ 
ences of regression of loaf volume on protein content might then have 
been found. 

The relationship between loaf volume and protein content is shown 
graphically in Sections A and B of Figure 3. It was evident with either 
formula that a cloSp linear relationship existed. Correlation coeffi¬ 
cients for this study ^re summarized in Table IV. In this table the 
total simple correlation coefficients between loaf volume and protein 
content for the MPB formula (+ .9417) and for the rich formula 
(+ .9214) are shown. Variation in protein content thus accounts for 
88% and 84% of the total variation in loaf volume for each formula 
respectively. The 12% and 16% of the total variation in loaf volume 
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not accounted for by the protein content, for each formula - l0a f vo i ume 
can partly be attributed to different qualities of the protef or t jj e 
varieties and partly to random errors of the baking proc between loaf 


r - + .9214 








Fig. 3. Relationship between protein content and loaf volume, mixogram height, width, weakening 
angle, and angle DOW\ 

The symbols represent the varieties a* follows, 


Turkey T 
Tenmarq A 
Comanche O 
Pawnee P 
Blackhutl B 


Early 

Black hull E 


Cluefkan C 
Nebred N 
Kanred S 
Cheyenne X 
Kawvale K 
Clarkan I 


Relationship between protein content and certain mixogram character* 
istics: The relationships found between mixogram height, width, 
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Covariancngle, and protein content as shown in Sections C, D, and 
treated sepan3, were linear and the degrees of association were high, 
loaf volumes prrelation coefficient (Table IV) between height and pro¬ 
regardless of fvas + .9189, that for width was + .8533, while that for 
between samplr angle was + .8362. 
compared to tl 

TABLE IV 


mplb, Partial, and Multiple Correlation Coefficients 
Analysis of Covaria 31- ™^ Protein > and Mixogram Characteristics 

(N « 63) 


Variables correlated 

Correlation coefficients * 

Difference * 
for MP x 

Y 

Simple 

r*v 

Partial * 

rxy.p 

Multiple * 
R 

content, % 
^"otein content, % 

MPB loaf volume, cc 

Rich loaf volume, cc 

+ .9479 
+.9214 



▼ 

Protein content, % 
Curve height, units 
Curve height, units 

Curve height, units 

MPB loaf volume, cc 

Rich loaf volume, cc , 

4* .9189 
8455 
4-. 7906 

-.2029 

-.3558 

4-.9323 

Protein content, % 
Curve width, units 
Curve width, units 

Curve width, units 

MPB loaf volume, cc 

Rich loaf volume, cc 

4-.853* 
4-. 8295 
4- .7853 

4-.1244 
4-.0046 

! 

Protein content, % 
Angle WON, degrees 
Angle WON , degrees 

Angle WON, degree 

MPB loaf volume, cc 

Rich loaf volume, cc 

4-.8362 
4-.7202 
4-.6971 

-.4146 

-.3443 

4-.9595 
4-.9311 

Mixing time, min. 
Mixing time, min. 
Area, cm* 

Area, cm* 

Angle DOT, degree 

Area, cm* 

MPB loaf volume, cc 

Rich loaf volume, cc 

-.6815 
4-.6958 
+ .2228 
4-. 2204 



Protein content, % 
Angle WON , degrees 

Decrease in loaf volume, cc 
Decrease in loaf volume, cc 

4-.6901 
4-.6365 

4-.4736 

+ .6986 


1 Five percent level of significance, t » + .250 (Snedecor, 1940) 
for t Protein content held constant. 

Includes variable Y And protein content with variable X 

ence 

b 

The relationship existing between angle DOW (believed to indicate 
range of mixing tolerance) and protein content is shown in Figure 3F. 
'It appeared that the relationship between angle DOW and protein 
content was curvilinear and negatively correlated. Since protein con¬ 
tent has a pronounced influence on the sharpness of the peak (angle 
DOW) it is well to know the protein contents of samples when com¬ 
paring mixogram patterns. 

Relationship between loaf volume and certain mixogram character¬ 
istics: Linear relationships between loaf volume for both formula and 
mixogram height, width and weakening angle are shown in Figure 4. 







■ ■ 


10 to 10 40 

£ WAKUMM MILI~K«II(II 


10 to SO 40 
f WCAKCNtNO AMtLC— 0 C«««t 


Fig 4 Relationship between loaf volume and mixogram height width and weakening angle 

(See Fig ^ for legend ) 


for the rich formula) (Table IV). These* differences were tested and 
found to be significant. Thus it is apparent that height of the mixo¬ 
gram would not furnish as good an estimate of loaf volume as would 
protein content. The partial correlation coefficients independent of 
protein content were calculated to permit a study of the relationship 
of mixogram height to protein quality factors (Table IV). The nega¬ 
tive correlation coefficient, — .2029, between the MPB-formula loaf 
volume and mixogram height, independent of protein content, was 
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nonsignificant. This indicated that when compared on a common 
protein level, no relationship existed between mixogram height and 
loaf volume. A similar partial correlation coefficient, — .3558, for the 
rich formula, was significant but of low order. The multiple correla¬ 
tion coefficient, + .9323, rich formula (loaf volume times protein con¬ 
tent, including mixogram height), was probably not significantly differ¬ 
ent from the simple correlation coefficient, + .9214, between protein 
content and loaf volume. Thus little would be added to the accuracy 
with which loaf volume could be estimated from protein content by 
inclusion of the mixogram height. 

Mixogram width, M-R, was not as highly correlated with loaf 
volumes produced by either formula as was mixogram height or protein 
content. When we compare the correlation coefficients between width 
M~R and loaf volume, + .8295 for the MPB formula and + .7853 for 
the rich formula, with + .9479, and + .9214 between loaf volume and 
protein content for each formula respectively, it is apparent that curve 
width did not furnish as good an estimate of loaf volume as did protein 
content. The partial correlation coefficients, independent of protein 
content, between loaf volume and mixogram were nonsignificant, thus 
indicating that width of the mixogram was not associated with protein 
quality factors as reflected in loaf volume. Loaf volume was associated 
with mixogram width only because of the high degree of association 
between protein content and loaf volume on the one hand and protein 
content and curve width on the other. 

The weakening angle, WON , was not as highly correlated with loaf 
volume as was protein content, mixogram height, or width. The 
simple correlation coefficients between loaf volume and weakening 
angle were moderately high (+ .7202 for the MPB formula and + .6971 
for the rich formula). The partial correlation coefficients, independent 
of protein content, between weakening angle and loaf volume from 
either formula were negative and significant. However, the magnitude 
of these partial correlations, — .4146 for the MPB formula and — .3443 
for the rich formula, suggested that if varieties are compared on a uni¬ 
form protein content basis, the weakening angle will not give any 
marked degree of accuracy in predicting the baking performance of 
the flour. 

The multiple correlation coefficient + .9595 (MPB loaf volume X 
protein content, including weakening angle) was probably not sig¬ 
nificantly different from the simple correlation coefficient + .9479, 
between the same loaf volume and protein content. It is thus likely 
that little information would be added to improve the estimate of loaf 
volume from protein content by inclusion of the weakening angle. 
The same conclusion may be made for the rich-formula loaf volumes 
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by comparing the multiple correlation coefficient, + .9311, with the 
simple correlation coefficient, + .9214. 

Relationship of mixing time to protein content: Several workers have 
studied the relationship between mixing time of flour and other quality 
measures. Many of these studies have included the measurement of 




to , S r . R f la “on«lup between mixing time and protein content, angle DOT, and area under curve 
a mlnImum , mobility, between protein content, angle DOT, and decrease m loaf volume, and 
oetween decrease in loaf volume and weakening angle. (See Fig. 3 for legend ) 


the mixing time either with the farinograph or mixograph. It should 
be noted that the data from the farinograph, which has a gentle knead¬ 
ing action on the dough, do not agree with those obtained from the 
mixograph, which has a rigorous mixing action. Markley (1938), 
Aitken and Geddes (1939), and Markley, Bailey, and Harrington (1939) 






640 


CORRELATION OF MIXOGRAMS WITH BAKING 


Vol. 20 


have shown that the amount of mixing required to develop dough to 
minimum mobility with the farinograph increased with increments of 
protein. The opposite has been found for the mixograph by Bayfield, 
Working, and Harris (1941) and Ofelt and Sandstedt (1941). 

The relationship between mixing time and protein content found 
in this study is shown in Figure 5A. The mixing time decreased with 
increments of protein up to about 12% and then tended to increase 
again as the protein content became greater, except for Nebred and 
Cheyenne. No explanation is offered for the failure of these two to 
follow the general trend of the other varieties. The lack of agreement 
in the relationship between mixing time and protein content from 
farinogram and mixogram data may be due to the nature of the mixing 
action of the two machines. The farinograph has a gentle kneading 
action, while the mixograph, like high-speed commercial mixers, has a 
pull-fold-repull type of action. 

The mixing time as determined from the mixogram, with adjust¬ 
ments for formula, was found to parallel the mixing time required to 
mix doughs to optimum development for baking. This development 
was associated with a dry “feel” and smoothness of the dough. This 
was in agreement with the conclusions of Bohn and Bailey (1937). 

Relationship between development angle , protein content , and mixing 
time: The relationship between development angle DOT and protein 
content is shown in Figure 5B and that between development angle 
and mixing time is shown in Figure 5C. The curvilinear relationship 
between development angle DOT and protein content, and also be¬ 
tween mixing time and protein content, suggests some degree of associa¬ 
tion between angle DOT and mixing time. The relationship between 
angle DOT and mixing time appears linear. This association is inverse, 
since the correlation coefficient between development angle DOT and 
mixing time was — .6815 (Table IV). 

Energy relationships: Dough mixing time has been considered to be 
indicative of the amount of energy input required to mix a dough to 
optimum development. That mixing time indicates to some extent 
the energy input is shown in Figure 5D, and also by the simple correla¬ 
tion coefficient between mixing time and area under mixogram to 
minimum mobility, which was + .6958 (Table IV). The area under 
the mixogram to minimum mobility is not an exact measurement of 
energy input since it also includes friction, but since friction is fairly 
constant, area is a mixogram characteristic which best describes energy 
input. The area may be considered as a measurement of work done, 
because the height of the mixogram indicates the force required to 
move the mixing pins through the dough, whereas mixing time indicates 
the time during which the force operates. Area included in the mixo- 
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gram to point of minimum mobility was not found significantly corre¬ 
lated with loaf volume with either baking formula* The nonsignificant 
correlation coefficients were + .2228 and + .2204 (Table IV). 

The relationship between sensitivity to overmixing and protein content 
and weakening angle WON: The sensitivity to overmixing is shown by 
the magnitude of the weakening angle WON. It has been found that 
varieties with a mixogram having a rapid breakdown are undesirable 
because of their sensitivity to overmixing and therefore are more 
difficult to handle in the bake shop. 

The relationship between protein content and the decrease in loaf 
volume caused by overmixing is shown in Figure 5E. The amount of 
decrease in loaf volume increased in a linear relationship to the increase 
in protein content. The simple correlation coefficient, + .6901 (Table 
IV) between protein content and decrease in loaf volume indicated that 
high protein doughs are subject to greater damage from overmixing, 
corroborating the conclusion of Markley and Bailey (1939). 

The relationship between decrease in loaf volume and weakening 
angle WON approached linearity (Fig. 5F). The correlation coefficient 
+ .6365, between weakening angle and the decrease in loaf volume was 
probably not significantly different from the coefficient, + .6901, be¬ 
tween protein content and decrease in loaf volume. The partial corre¬ 
lation coefficient, + .4736, independent of protein content, between 
weakening angle and decrease in loaf volume suggested that varieties 
which exhibit larger weakening angles are subject to greater damage by 
overmixing. That the varieties Chiefkan and Early Blackhull are 
sensitive to overmixing is shown by their mixograms in Figure 1. The 
multiple correlation coefficient, + .6986 (decrease in loaf volume X 
protein content, including weakening angle) was probably not sig¬ 
nificantly different from the simple correlation coefficient, + .6901, 
between decrease in loaf volume and protein content. 

From observation of the weakening angles shown in Figure 1 and 
by assuming that the angle WON expressed sensitivity to overmixing, 
it was anticipated that a higher correlation than actually resulted 
would be obtained between weakening angles and decrease in loaf 
volumes. It is probable that overmixing produces several effects in 
dough. That overmixing does change the physical properties of 
doughs was indicated by increase in the weakening angle WON of the 
mixogram. It may be that the protein network was “broken down” 
more or less by mechanical treatment. This, however, was not always 
reflected in the final bread, at least not to the extent indicated by the 
weakening angles. That mixing in air causes certain effects similar to 
those caused by oxidation has been shown by Baker and Mize (1937). 
It may be that overmixing causes overoxidation. That some doughs 
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have greater tendency to recover the normal physical state after severe 
mixing than others was shown by Munz and Brabender (1940). It 
may be that both these factors tend to lower the correlation between 
weakening angles and the damage to bread by overmixing. 

Summary 

Twelve pure wheat varieties, each with four to six protein levels, 
were milled, analyzed, and baked by three procedures. Mixograms 
were made and segregated on the basis of important characteristics and 
the relationships studied statistically. 

Statistical treatment of combined loaf-volume data of the MPB 
and rich formulas showed significant variety-formula interaction. Co- 
variance analysis of the loaf-volume data within a formula showed that 
mean loaf volumes of varieties, after adjustment for protein content, 
were significantly different. When all varieties were considered as a 
group, then individual variety regressions of loaf volume on protein 
content were not significantly different. The rich formula gave 
greater differentiation between samples than the MPB formula. 

Height, width, and weakening angle of the mixogram were posi¬ 
tively correlated with protein content and loaf volume of either formula. 
Loaf volumes were more closely associated with the protein content 
than with any of the mixogram characteristics. The height, inde¬ 
pendent of protein content, was not significantly correlated with loaf 
volume obtained with the MPB formula, while the rich formula gave 
a negative significant correlation. Width, independent of protein con¬ 
tent, was not found significantly correlated with loaf volume by either 
formula. The weakening angle, independent of protein content, was 
negatively correlated with loaf volume by either formula. The mul¬ 
tiple correlation coefficients, including protein content and any one of 
the three mixogram characteristics, being correlated with loaf volume 
from either formula, were probably not significantly different from the 
simple correlation cdefficients between loaf volume and protein content. 
Mixogram characteristics tended to reflect baking strength of a flour 
mainly because of the high correlation between loaf volume and protein 
content, on the one hand, and between protein content and the mixo¬ 
gram characteristic on the other. The angle expressing range of mix¬ 
ing tolerance tended to decrease with increasing protein but. not in a 
* linear fashion. 

The relationship of mixing time and of development angle DOT 
with protein content was curvilinear. Development angle and mixing 
time were moderately and negatively correlated, the relationship being 
linear. Mixing time was only moderately correlated with areas under 
mixogram from starting point to point of minimum mobility (peak). 
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Area was presented as a measurement of energy input required to mix 
a dough to optimum development. Area was not significantly corre¬ 
lated with loaf volume obtained by either the MPB or rich formula. 

Overmixing the doughs resulted in a decrease in loaf volume, the 
largest being in the high-protein samples. A fair degree of association 
between decrease in loaf volume and the weakening angle WON was 
found. The weakening angle, independent of protein content, was 
positively correlated with decrease in loaf volume caused by overmixing 
dough. 

Conclusions 

The most important use of the mixograph appears to be that of 
furnishing information that supplements baking data. Thus the mixo- 
gram gives information regarding mixing requirements, mixing toler¬ 
ance, and varietal pattern. The varietal pattern tends to establish 
qualitative differences between flours that may or may not have 
different baking qualities. In this way flours of known inferior baking 
qualities may be readily distinguished and discarded as unsuitable for 
bread making. 
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During the present crisis in the worlds food supply, bread and 
other wheaten products must assume a more important role in the 
nutrition of man. Consequently, studies which may contribute to our 
knowledge of the nutritive value of bread are particularly pertinent. 

The development of the “enriched bread“ program is an important 
step in the attempt to improve the national health, and our findings 
cannot detract from the value of enriched bread in fulfilling the func¬ 
tion for which it was designed, namely, restoring to bread some of the 
nutritive factors which have been removed by the modern milling 
process. However, if during an emergency bread should constitute 
the major portion of our food intake, any possible deficiencies should 
be well known and fully appreciated so that they may be corrected or 
adequately compensated for b\ the balance of the diet. 

The nutritive value of bread will be limited by the biological value 
of the protein of bread, ('hick (1942) has determined the biological 
value of w r hite, whole meal, and “National Wheat Meal” (85% ex¬ 
traction) flours. She found that the proteins of whole meal and 
National Wheat Meal have advantages of 17-24*< and 13-16%, re¬ 
spectively, over those of white flour. Jones and Devine (1942) report 
that soybean, peanut, and cottonseed flours, when mixed at 5, 10, or 
15% levels with white flour, produce products w r ith markedly improved 
proteins. The supplementary value of these flours is attributed to 
their lysine content. Mitchell et al (1943) state that enriched white 
bread with 6% skim milk solids and w^hole wheat bread have about 
equal value in the promotion of growth, but that a combination of 
these two supplements wall be better than either one alone. They did 
not determine whether doubling of either supplement would produce 
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an effect equal to that of combining the two supplements. Fairbanks 
(1938) demonstrated by ad libitum feeding that 12% milk bread is 
superior in growth-promoting properties to a 6% milk bread. By the 
paired-feeding technique, Fairbanks (1939) did not obtain significantly 
better growth with 12% milk bread as compared with 6% milk bread 
when the food intake was equalized. Frey et al (1940) have enumer¬ 
ated the contributions of milk to the nutritive value of bread and 
pointed out that bread needs additional lysine and valine. 1 

The concentrations of vitamins and minerals in bread will also 
affect its nutritive value. Sherman and Pearson (1942) report the 
results of feeding white rats with 6% milk bread, alone and supple¬ 
mented variously with butter, whole milk, meat, and peas. Animals 
fed 6% milk bread alone died after about 100 clays, presumably from a 
vitamin-A deficiency. Animals fed the same bread with 10% butter 
survived and grew reasonably well. Thick (1940) determined that 
white flour is deficient in one or more of the (i-complex factors and 
states that preliminary studies indicate that the deficiency of ribo¬ 
flavin is the most serious. She found that whole meal has an adequate 
supply of the G-complex factors to support good growth during the 
4-week test period. Mitchell et al (1943) found that a 6% skim milk 
bread is superior in growth-promoting properties to an enriched bread 
supplemented with calcium and riboflavin. We may interpret this 
observation as indicating that an important nutritional deficiency of 
white bread from the viewpoint of growth promotion is in the protein 
fraction. 

Henry and his coworkers (1941) have studied the effect of additions 
of dried skim milk and dried whey on the nutritive value of white 
bread. From their data they conclude that the marked beneficial 
effects of milk or whey were the result of an increase in the calcium 
of the bread and to a large extent to the increase in riboflavin and other 
members of the “B 2 -complex.” The results certainly indicate that 
their control breads were critically low in calcium (0.027% to 0.03% 
calcium on the dry basis). Their second experiment using bread as 
an exclusive diet, when considered with the data of their third experi¬ 
ment, indicates that calcium was one of the major deficiencies of their 
control bread. However, we would interpret the results obtained in 
their third experiment as indicating that when the calcium deficiency 
is corrected, the next most important contribution of milk to the 
nutritive value of bread is its protein. Our interpretation of their 
data appears to us as tenable as the conclusions offered by the authors, 
i.e,, that the primary contribution of milk to white bread, aside from 
calcium, is riboflavin and other members of the “Bj-complex." 

1 This was erroneously quoted as tryptophane in the published article. 
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In the present investigation, bread, fed ad libitum, was made the 
sole food for white rats except for certain essential nutritive factors 
which are not present in bread in adequate amounts, yet are necessary 
for the growth of these test animals. By appropriate supplements it 
was possible to demonstrate that the breads studied were deficient in 
certain specific essential nutrients, but that other dietary essentials 
were present in adequate amounts. 

Experimental 

Procedure. The index of the nutritive value of the breads was 
the growth of young weaned white rats, weighing 50 to 60 g at the 
start of the experiments. They were fed air-dried breads exclusively, 
except for a daily supplement of four drops of a solution of fat-soluble 
vitamins in corn oil which supplied 80 units of vitamin A, 20 units of D, 
and 250 /*g alpha-tocopherol. The breads were made up about once 
a week, using the same basic formula, Table I, which was modified 


TABLE I 

Basic Bread Formula 


Ingredient 

Parts 

Flour . 

100.0 

Water.. 

64.0 

Yeast. 

2.0 

Sugar. 

Salt... 

5.0 

2.0 

Shortening.. 

3.5 

Diamalt, dry. 

1.0 

Dough conditioner. 

0.33 


only by the addition of certain supplements, in accordance with the 
plan of the experiments. 

The white breads were made with a Northwestern patent flour, 
(protein 13.5%, ash 0.44 to 0.46%), while the whole wheat breads 
were made with 100% whole wheat flour. The white bread (air dried)* 
had an average protein content of 12.48% and the whole wheat bread, 
14.25%. The dry yeast used contained 50% protein, and the dry skim 
milk, 35% protein. The “dough conditioner*’ included in our basic 
bread formula contributes calcium to the dough, and air-dried bread 
made according to this basic formula contains approximately 0.05% 
calcium. 

When the basic formula was modified by the inclusion of dry skim 
milk, salts, or casein, these materials were added as 2, 4, or 6% based 
on the flour in the basic formula. 


* Thi» bread waa air dried in the dark. 







648 


NUTRITIVE VALUE OF WHEAT BREADS 


Vol. 20 


Thu amino acids are given as the per cent of these compounds 
present in the dried bread fed to the animals. The amino acids 3 used 
in these studies were dl-lysine. HC1, l(+)-va!ine, dl-leucine, 1( —)- 
tryptophane, dl-methionine, l(+)-histidine, and l(+)-isoleucine. The 
calculated amount required by the formula was added to the flour in 
making the bread. 

In this series of experiments all of the animals in any one experi¬ 
ment were comparable. However, animals from three sources (and 
strains) were used during this study; consequently, we .shall restrict 
the comparison of results to the groups within a single experiment. 
Each group consisted of 10 animals, except those fed breads containing 
amino acids. These groups contained five animals each. 

The use of white rats as test animals has certain inherent limita¬ 
tions, owing to definite differences in the dietary requirements of the 
rat compared with man. The requirements of white rats for a dietary 
source of niacin are so low that our study gives little information on 
bread as a source of niacin for humans. Likewise, rats require no 
dietary source of vitamin (\ However, bread is not regarded as a 
satisfactory carrier of this vitamin. 

The white bread used in this study averaged about 120 Interna¬ 
tional units Bi per pound loaf, or 110 gg/lOOg of dry bread. This 
thiamine level is adequate for excellent growth of white rats whim the) 
are fed a bread properly supplemented with other required nutritive 
factors. White bread is not considered to be a source of the fat-soluble 
vitamins, consequently vitamins A, D, and E were given as daily 
supplements to all the animals fed breads. 

Results 

Protein deficiencies. The data obtained from the experiment re¬ 
ported in Table II indicate the importance of correcting the protein 
deficiencies of bread to improve its nutritive value. 

The animals fed a basic-formula white bread or an “enriched” 
bread without milk made very poor gains owing to specific deficiencies 
of amino acids, vitamins, and, possibly, minerals. The fully enriched 
bread (Group 3) with added calcium and riboflavin gave better growth 
than the white bread or bread with added thiamine, iron, and niacin 
(P = 0.01 and 0.05 respectively). This effect may possiWy be due 
to the added calcium, in view of the results reported by Henry and 
his coworkers (1941). 

The animals fed a 6% milk bread grew slightly better than tho.se 
on the whole wheat bread, although the difference is not significant 
(P = 0.2). The milk raised the protein content of the bread 2%, yet 


* Obtained fiom the Amino Acid Manufacturer, University of California, Los Angeles, Calif* 
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the addition of 0.67% dl-lysine.HCl and 0.267% l(+)-valine to bread 
produced a significantly better rate of growth than did the 6% milk 
bread (P = .01). Ratner et al (1943) have shown that when d( —)- 
lysine is fed, 50% is excreted as such in the urine, 19% of the a amino 
nitrogen is excreted as urea and ammonia, and 21% is found in the 

TABLE II 

Weight Gains and Food Consumption of Rats Fed Various Breads 





First 8 weeks of test period 

12- 

week 

test 

period 

Group 

Diet 


Ave 

gam 

Stand¬ 
ard 
devia¬ 
tion of 
mean 

Ave 

total 

food 

con¬ 

sump¬ 

tion 

Ave. 

gain 

per 

gram 

food 

intake 

Ave 

gain 

1 

White bread 


R 

40 

? 

2.63 

R 

419 

mg 

89 

R 

66 

2 

White bread -f HiBj yeast 


42 

3.16 

439 

95 

70 


15.9 mg FeP0 4 4H 2 0' 
4.0 mg niacin 

White bread -f 1 mg Bi 1 

r 

| 1 

50 

2.3 : 

462 

113 

85 

4 

4.0 mg niacin i 

15.9 mg FeP0 4 4H 2 0| 
1.288 gmCaS0 4 1 

0.8 mg riboflavin J 

Whole wheat bread 

I 1 

t 

75 

j 

2.6 

517 

145 

! 110 

5 

White bread + IIiBi veast 


81 

3 3 

501 

161 

121 

6 

6% dry skim milk solids 
4.0 mg niacin \ l 

15.9 mg FcP0 4 4 H 2 O/ 
White bread -f HiBi yeast 

109 

6 9 

518 

211 

160 

7 

0.67+ dl-lysine HO 
0.267% 1(4")-valine 

2.0% Oand M salts 2 

0.8 mg riboflaviid 

Whole wheat bread 4- 6% dr\ skim milk 

111 

4.3 

514 

216 

163 

8 

solids 

White bread 4- HiBi veast 

0.938% dl-lvsine HC! 
0.405% l(-fVvaline 
2.0% O and M salts 
0.8 mg riboflavin 1 

Dog chow 


123 

6.4 

500 

246 

168 

9 


171 

6.8 

786 

218 

219 


' Per loaf. Each loaf was made according to the formula m 1 able I. lining 30() g of flour and other 
ingredients in proportion. The air-dried loa\es weigh approximate^ 320 g Each loaf made \*hh 
HiRj yeast (2%) contained at least 450 International units pei loaf. 

1 Osborne and Mendel (1919) salt mixture 


various amino acids of the body tissues. Better growth was obtained 
by the addition of 0.755% amino acids (lysine and valine) than by 
the addition of 2% protein (supplied by the 6% milk). Of this 0.755% 
amino acid supplement about one third or 0.244% was in the form of 
d(-)-lysinc, and only 21% of the a amino nitrogen of this compound 
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is utilized in building tissue protein. The supplementary effect of 
lysine and valine appears to be that of supplying specific amino acids 
which are not adequately supplied by the bread protein, and not merely 
an effect of raising the nitrogen content of the bread. 4 

Increasing the lysine and valine supplement to the bread from 
0.67% dl-lysine.HCl and 0.267% l(+)-valine to 0.938% and 0.405% 
respectively did produce better growth, but this difference was not 
statistically significant (P = 0.2). 

The average food consumption of the individuals in groups 4, 5, 6, 
7, and 8 were all between 500 and 518 g for the first 8 weeks of the test 
period. Yet the average gains ranged from 75 to 123 g and the 



Fig. 1. Representative animal* from Groups 1 through 9 tabulated in Table II. 
(Photograph taken on 87th day of test). 

Group 1—White bread 

Group 2—Enriched white bread 

Group 3—Completely enriched white bread 

Group 4—Whole wheat bread 

Group 5—White bread with milk, niacin, and iron 

Group <5—White bread with lysine, valine, salts, and riboflavin 

Group 7—Whole wheat bread with milk 

Group 8—White bread with lysine, valine, salts, and riboflavin 

Group 9—Dog chow 


“nutritive efficiency’’ of the breads (mg weight gain per g of food 
consumed) varied from 145 to 246. Data in Table XII supports the 
view that the improved nutritive value is correlated with increased 
lysine and valine content of the breads. The addition of lysine and 
valine to white bread more than doubled the calculated “nutritive 
efficiency” of the bread, increasing this value from 90-100 to more than 
200 for the 8-week period. 

The use of 6% dry skim milk solids in the production of white 
bread improves the nutritive value of bread by (1) partially correcting 

4 We have found that the addition of 0 6% glycine to a white bread adequate in minerals and vita¬ 
mins had no effect on its growth promoting value for white rats, whereas the addition of 0,33% 
l(+)-Jysin/s and 0.27% 1 (4-)-valine (total 0.6%) resulted in gains equal to three times that of the con¬ 
trol white bread or the 0.6% glycine bread (15 g/week vs, 5 g/week over a six-week test period). 
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the amino-acid deficiency of white bread, (2) increasing the riboflavin 
content of the bread, and (3) improving the mineral content. 

The value of dry skim milk solids for improving the nutritive value 
of white or whole wheat bread will be quite evident from an examina¬ 
tion of Figure 1. A comparison of the size of a representative animal 
fed “enriched” bread without milk (No. 2) with that of animals fed 6% 
milk bread (No. 5) or a bread with added amino acids, salts, and ribo¬ 
flavin (No. 8), emphasizes the contribution milk can make to the 
nutritive value of bread. This supplementary value of milk is also 
indicated by a comparison of the animals fed whole wheat bread 
(No. 4) and whole wheat 6% milk bread (No. 7). 

Further evidence that 6% milk does not completely correct the 
protein deficiencies of white bread is presented in Table III. The 

TABLE III 


WiruHT Gains or R\rs Showing Kirtt r of Addfd Protein 
on Nutritive Valit or 6% Milk Bread 


Diet 

Average gam 


8 weeks 

12 weeks 


R 

e 

White bread + 6.0% dr> skim milk 

2.0% 0 and M salts 

50.8 

78.7 

White bread -f 6.0% dry skim milk 

2.0% 0 and M salts 

0 .S mg riboflavin per loaf 

47.8 

75.3 

White bread + 6.0% dry skim milk 

2 .0% casein 

2 .0% O and M salts 

0.8 mg riboflavin per loaf 

84.5 

124.8 


addition of riboflavin had no effect on the growth-promoting properties 
of a 6% milk bread, whereas the addition of 2% casein (or, in effect, 
doubling the protein supplement) effected a marked enhancement of 
the growth-promoting value of the bread. This confirms the results 
of Fairbanks (1938) indicating that 12% milk bread was better than 
6% milk'bread. 

None of the groups fed the supplemented breads equaled the gains 
made by the group fed dog chow which contained 22% protein. 

In an experiment designed to investigate amino-acid deficiencies, 
it was found (Table IV) that white bread is deficient in both lysine 
and valine. 

Lysine is apparently of more significance in limiting the nutritive 
value of basic white bread than valine. However, both are involved. 
We have found also that 2% vitamin-free casein does not fully supple- 
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TABLE IV 

Weight Gains of Rats Showing Effects of Amino Acids 
on Nutritive Value of Bread 



Gain in 8 week* 

Diet 

Average 

Standard 
deviation 
of mean 


t 

g 

White bread + 0.67% dl-lysine.HC1 

3.0% 0 and M salts 

20y riboflavin per dav 

70 

3.18 

White bread -f 0.267% 1(4* )-valine 

3.0% O and M salts 

20 t riboflavin per day 

37 

3.08 

White bread + 0.67% dl-lysinc HC1 

0.267% l(T)-valine 

3.0% O and M salts 

2 O 7 riboflavin per day 

98 

3.54 

White bread 4* 0.36% dl-lysinc HC1 

0.16% l(-f )-valinc 

3.0% O and M salts 

66 

3.81 

2 O 7 riboflavin per day 

* 



ment the protein of white bread, although 4% casein permits as good 
growth as the approximate equivalents of lysine and valine supple¬ 
ments to white bread. 

The possibility that other essential amino acids might be present 

TABLE V 

Weighi Gains of Rats Showing Effect of Amino \cids 
on Nutritive Value of Bread 



Gain m 8 weeks 






Food 

intake 

Gain per 
gram food 
intake 

Diet 

I 

Average 

Standard 
deviation 
of mean 





g 

g 

* 

mg 

White bread -f 0.67% dl-lysine. HC1 
0.267% !( 4 )-valine 

95 

6 

509 

| 

187 

0.133% dl-leucine 

0.13% 1( —)-trvptophane 
0.267% dl-mcthiontne 
3.0% O and M salts 

i 

! 

1 

1 

i ! 

1 

1 


, 4 - 2 O 7 riboflavin per dav 

! 

! 

! 


White bread 4 * 0.67% dl-lysine HC1 
0.267% l(-f )-valine 

3.0% 0 and M salts 

94 

| 3.1 

i 

! 573 

161 

f 2 O 7 riboflavin per day 




156 

Whole wheat bread 

75 

2.9 

480 

White bread 4-2% casein 

72 

2.0 

461 

156 

3% O and M salts 

4 * 267 riboflavin per day 




95 

White bread 

32 

2.5 

337 


Nov*, 1943 


ROBERT F. LIGHT AND CHARLES N. FREY 


653 


in white bread at suboptimal levels was considered. The addition of 
the three amino acids, leucine, methionine, and tryptophane, did not 
improve the growth-promoting value of a white bread already sup¬ 
plemented with lysine, valine, riboflavin, and salt mixture (Table V). 
Both of the amino-acid-supplemented breads gave significantly better 
growth than either whole wheat bread or the white bread made with 
2% casein. 


TABLE VI 


Weight Gains op Rats Showing Effect of Amino Acids 
on Nutritive Value of Bread 




First 8 weeks of test period 

Group 

Diet 

i 

Gain 



1 

1 

Average 

1 

Stand¬ 

ard 

devia¬ 

tion 

of mean ; 

Ave 

food 

intake 

Nutri¬ 
tive effi¬ 
ciency 1 

t i 

Whitt 1 bread ■+• 0 8 mg riboflavin 1 per 

g j 

47.0 1 

g 

2.85 ; 

Jf 

494.3 

95.08 

2 

4.0 pm A, I), E oil I loaf 
4.0% O and M salts 

White bread T 0.8 mg riboflavin \per i 

; 

12 L 0 

11.5 

i 

| 543.0 

226.0 

4 

4.0 gni A, L), E oti'loai 1 

4.0% O and M salts 
0 . 8 % l( 4 *)-lvsine 

! 0.3% n+)-\ aline 

White bread -f 0.8 mg riboflavin \per 

4.0 pm A, I), K oil/foal j 

4.0% () and M Niks 
0 . 8 % l(+R\sme ! 

0.3% l(-f)-valine j 

0 . 2 % dl-methionine j 

0.25% l(-f )-histidine 
0 . 1 % l( — ^-tryptophane ■ 

0 .1% l(-H-isoleiicine j 

Purina dog chow j 

i 

1 

143.0 

J 

J i 

185 | 

| 

585.2 

1 

: 

; 

: 

I 244.3 

12 

1 

1 

I 

1 

i i 

i 

198.0 | 

j 

! i 

, 1 

! 

i 

1 

1 

1 

i 

917.3 | 

215.8 

1 


1 Mg gain per grum food euten at 8 weeks 


The addition of 2' [, casein as well as salts and riboflavin produces 
a bread equal to whole wheat bread for the growth of rats. Since we 
have found that a 6 f ' 0 milk bread equals a whole wheat bread, confirm¬ 
ing the results of Mitchell et al (1943), and we obtain the same result 
by adding only the vitamin-free protein equivalent of 6 c r inilk plus 
riboflavin and minerals, it appears that the important contributions 
of milk to the nutritive value of bread arc the protein, minerals, and 
riboflavin, and not as suggested by Henry et al (1941), the other 
members of the “B complex.” 

Another combination of amino acids which may be present at sub* 
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optimal levels in bread includes histidine* isoleucine, tryptophane, and 
methionine in addition to lysine and valine. When these four amino 
acids were added to a bread supplemented with 0.8% l(+)-lysine and 
0.3% l(+)-valine plus salts and riboflavin, the gains made by the 
animals were better than those obtained with the lysine-valine sup¬ 
plemented breads (Table VI). 

This average difference, however, is not significant (P = 0.3), but 
one must keep in mind that only five animals were used in each group 
when amino acids were added to the bread. Both amino-acid-sup- 
plemented breads had a nutritive efficiency, calculated for the 8-week 
period, of more than twice that of the basic-formula bread made with 
riboflavin, salts, and A, D, E oil and slightly above that of the dog 
chow, although their growth-promoting value did not equal that of 
the dog chow diet. 


TABLE VII 

Weight Gains of Rats Showing Efffct of Milk and Ykast 
on Nutritive Value of Brfad 


Diet 

: 

Gain in 8 weeks 

Food 

intake 

Gain per 
K food 
intake 

Average 

Standard 
deviation 
of mean 


t 

Jf 

t 

mg 

White bread 

41.0 

2.87 

52.1 

104 

White bread + 6% skim milk dry 

89.0 

5.0 

527 

156 

White bread + 5% dry yeast 

112.5 

5.54 

584 

174 


Dry yeast, which can be produced rapidly and efficiently from 
carbohydrates and inorganic nitrogen, has l)ecn proposed as a source 
of protein during the present crisis in the world’s food supply. This 
material usuall> contains approximately 50^ protein. The inclusion 
of 5% dry yeast in a white bread raises the lysine content from 0.22 % 
to 0.39%, whereas 6% dry skim milk raises the lysine to 0.34%. The 
growth responses of animals fed these* breads were in the same order 
as the lysine content (Table VII) and the difference in gain is significant 
in each case (P = 0.01 for the first and second group and 0.02 for 
the second and third). 

Dry yeast may be considered as a good source of lysine since it 
contains about 3.4% of this compound. 

Vitamin deficiencies. The riboflavin content of basic white bread 
is too low to permit good growth when the amino-acid deficiencies have 
been partially corrected by the addition of 2% vitamin-free casein. 
This effect is shown in Table VIII. Neither the addition of casein nor 
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TABLE VIII 

Wfight Gains of Rats Showing Effect of Riboflavin and 
Protein on Nutritive Vai uf of Bread 


Gam m 8 weeks 


Diet 


White bread 

White bread -f 2.0% casein 
White bread 4- 20 7 riboflavin per dav 
White bread 4* 2.0% casein 

4 * 20 ? riboflavin per day 


Aveiage 

Standard 
deviation 
of mean 

* 

? 

29 

2.9 

S5 

5.3 

25 

6.0 

54 

9.6 


of riboflavin produced a significantly better rate of gain over that 
given by the white bread. The combination of the two supplements, 
however, did permit significantly better growth. 

While the growth of animals fed a white bread supplemented with 
mineral salts, riboflavin, and either the amino acids, lysine and valine, 
or V ' ( casein (vitamin-free) is good, it is not optimal. Aside from 
riboflavin, apparenth none of the B-comple\ factors available in pure 
form at the time this experiment was carried out is important in limit¬ 
ing the growth-promoting value of this bread 

It is possible that if the protein or other unknown deficiencies of 
white bioad were completely eliminated, we might be able to demon- 

I \BLE IX 

Wi Killi Gains oi Kyis Showing Ehlci oi the. Purt Vitamins 
Ob THfc B COMPEL* ON THF NT IRITHE V U.UI OF BkF AD 


Dirt 


\Miite biead -f 2 . 0 % O and M salts 
4.0% casein 
4.0 g A, l), E oil 1 
300 7 B, 

500*y calcium pantothenate 
600 7 riboflavin 
300 7 pyridoxin? 

2.5 mg niacin 
25.0 mg choline 

White bread + 2 . 0 % O and M salts 

4.0% casern 

0.8 mi ** ~ ‘ 


\\ erage gam 
4 weeks 


i 

68 


fper loaf 




61 


8 weeks 


6 

137 


131 


1 In this experiment the A, D, E oil was incorporated m the bread, and not given as a daily supple* 
ment as in previous experiments. 
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strate that certain of the B-complex factors are not present in optimal 
concentrations. 

When thiamine, calcium pantothenate, pyridoxine, niacin, and 
choline, as well as riboflavin, were added to a 4% casein bread, they 
did not produce significantly better growth (Table IX). Biotin and 
inositol were not included in the pure vitamin supplement. However, 
we do not believe the bread was deficient in these factors. There 
may have been a deficiency of folic acid, but at the time the experiment 
was conducted this substance was not available. 

Reproduction studies were carried out with groups identical to 
those given in Table IX. The pure-vitamin-supplemented animals 
reared 70% of the litters cast, while the unsupplemented animals 

TABLE X 

Weight Gains or Rats Showing Efifci of Mineral S\its 
on the Nuiriuvi Value of Win tk Bread 


Gam m 8 w«>l s 


Diet 


— 

i 

I \ V(‘I 

• K 

Standard 
d<*\ tat ton 
of mean 

A 

White bread 4- 2.0% casein 

2O7 riboflavin jvr da\ 

75 8 

! 

White bread 4- 2 0% casein 

4.0% O and M salts 

2O7 riboflavin per da\ 

10* * 

i 7 » 

White bread 4- 0.67% dl-hsme HC1 
0.267% l(-fj-valine 

2O7 riboflavin per da\ 

86.2 

1 6 * 

White bread 4- 0.67% dl-lwne HCl 

0 267% 1(4 -1 valine 

T0% O and M salt- 
207 riboflavin per da^ 

108 0 

I 

* 2 


reared only 25% of the litters cast. The dog chow group raised 
90% of their litters. It ap{x*ars that for reproduction the 4% casein 
white bread does not have an adequate supplv of the' B-complex factors 
other than riboflavin. 

Mineral deficient ies. Our data on the mineral deficiencies of 
breads arc not complete. However, as shown in Table X, we ha\< 
evidence indicating that, when the protein deficiencies are improved 
by the addition of casein or amino acids and the riboflavin deficiency is 
corrected, the increased growth thus obtained causes mineral defi¬ 
ciencies to become apparent, which can be corrected by the addition 
of the Osborne and Mendel (1019) salt mixture. 

These results indicate that certain salts contained in the Osborne 
and Mendel salt mixture are needed to permit the fullest growth rate 



Nov., ms 


ROBERT F. LIGHT AND CHARLES N. FREY 


657 


possible with supplemented breads. The major effect of the added 
minerals may possibly be attributed to the calcium in the salt mixture 
(cf. Henry et al 1941). 


Discussion 

The classical experiments of Osborne and Mendel (1914) demon¬ 
strated that wheat protein and particularly the constituent, gliadin, 
is deficient in the essential amino acid, lysine. The nutritive value of 
wheat or bread protein may be limited also b> a relative deficiency of 
other essential amino acids. Rose (1937) and his coworkers have 
demonstrated that a suitable mixture of amino acids can serve as a 
nutritionally satisfactory substitute for a complete protein in the diet 

TABLE XI 


Ksbi Miu. Amino 

At IDS IN 

inn I)ii i 

[ oi i hf Whiti: Rat 

Ammo id*. 

Tentative 

require¬ 

ments 

Kn«e 

W lute 
bread 

White 
bread 
| with 6% 
dry skim 

White 
bread 
with 2% 

White 
bread 
with 4% 

! 

09371 


milk 

casein 

casein 


» i 

| (Calc ) j 

| (Calc ) 

(Calc ' 

(Calc 


* c 

■ n | 


c, c 

°c 

l(-f l-Ksinc 

1.0 

' 0 22 

0.34 

0.3+ 

0.46 

l( — )-trvptophum* 

1 0.2 

0.10 

o.n 

0.13 

0.15 

1( — j-histuime 

0.4 

0,21 

0.26 

0.24 

0.28 

1( — )-nhen\ la la nine 

0.7 

0.82 ! 

0.06 

0.93 

1.04 

ll — l-leucinc 

| 0.0 

1.55 

1.88 

1.85 

2.15 

l(4-)-iboIvunne 

* 0.5 

0.42 

0.53 

0.52 

0.62 

ll — )-tlm*onin< 

0 6 

0.82 

0.01 

0.02 

1.00 

1( — )-uu*thu>nuu 

0.6 

0.41 

0.50 

0 47 

0.53 

1(4- )-valim* 

0.7 

i 0 42 

0.54 

0.52 

0.63 

1( -j- Kuginitu* 

i ,u . 

0.42 

i 

0.50 

0.52 

0.62 


of growing animals. He has shown that there are 10 amino acids 
which are “essential” and has given “tentative” minimum require¬ 
ment values for the white rat. 

A comparison of Rose's (1937) estimated minimum amino acid 
requirements of a diet with the values for these amino acids in the 
various white breads used in this study is given in Table XI. These 
calculated values are based on analyses 6 of the yeast, white flour, 
dry skim milk, and casein. According to these data, white bread 
would be considered very deficient in lysine, mwlerately deficient in 
tryptophane, histidine, and valine, and slightly deficient in methionine 
and isoleucine. 

* The anatyscs of these material* were made by Dr. R J. Block. Some of these results have been 
published tn “The Determination of the Ammo At ids” by R. J Block and D Bolling, Burgess Pub¬ 
lishing Company, Minneapolis, Minn. 1<M(> 
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The l(+)-lysine and l(+)-valine content of the various breads used 
in this study are given in Table XII. 

White bread, which is admittedly deficient in lysine, contains 0.22% 
of this amino acid. Valine is also present in amounts less than the 
minimum given by Rose (1937). Adding these amino acids to white 
bread at levels of 0.67% dl-lysine. HC1 and 0.27% l(+)-valine, raises 
the l(+)-lysine content to 0.47% or 47% of the tentative minimum, 
while the l(+)-valine is raised to 0.69% or essentially equal to the 
tentative minimum requirements. Increasing the l(+)-lysine to 
0.60% did not appreciably increase the growth rate of white rats. 

The present study indicates that white bread without milk solids 
is not a satisfactory food for the growth of white rats. This white 
bread made according to our basic formula did, however, support slow 

T\BLE XII 


i (-H-Lysin* and i(+)-\ r Aii\h Content or Bread Studiid 


Bread 

I(*f) lysine 

If +)*v tt lme 

Rose (1937) tentative requirement 

1.0 

0.7 

White bread 

0.22 I 

0.42 

White bread + 6 % dry skim milk 

0 34 

0.54 

White bread + 2% casein 

0 34 

0.52 

White bread -j- 4% casein 

0 46 

0 .6* 

White bread -j- 0.67% dl-ivsine HC'l 

0.47 

0.69 

0.27% l( + )-valine 



White bread + 0.36% dl-lysine HC'l 

0.36 

0 58 

0.16% l(-f-)-valine 

White bread + 0.938% dl-lvsine HC'l 



0.60 

0.82 

0.405% l(-f-)-valinc 


■ 


growth over a period of 28 weeks. The animals of Group 1, Table II, 
were kept for this period, and the gains amounted to about 4 grams per 
week. We did not observe the characteristics of calcium deficiency 
which Henry et al (1941) reported for animals fed white bread; how¬ 
ever, our bread contained 0.05% calcium as contrasted with 0.03% 
in their bread, and our animals received vitamin D. 

The addition of 6% dry skim milk to the formula produces a bread 
which is equal to whole wheat bread for growth. This observation 
agrees with the report of Mitchell et al (1943). 

The data indicate that white bread protein is primarily deficient 
in the two essential amino acids, lysine and valine. When these are 
supplied in adequate amounts along with pure vitamin and mineral 
supplements, white bread without milk will support excellent growth. 

In two instances we have attempted to increase the growth-pro¬ 
moting value of the supplemented white breads through the addition 
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of other pure amino acids. We first tried the addition of methionine, 
tryptophane, and leucine to a white bread supplemented with lysine, 
valine, riboflavin, salts, and A, D, E oil, but did not obtain better 
growth. We later added methionine, histidine, tryptophane, and 
isoleucine to a bread supplemented with 0.8% l(+)-lysine, 0.3% 
l(+)-valine, riboflavin, salts, and A, D, E oil. In this case, while we 
obtained better growth, the difference was not significant. The 
nutritive factors which restrict the growth of the animals fed these 
supplemented breads to less than the optimal rate, are not determined 
by our data. 

White bread made without milk, supplemented with lysine and 
valine, requires additional riboflavin to support the maximum growth 
possible within the limitations of this diet. Other factors of the B 
complex appear to be present in sufficient concentration to permit 
excellent growth when the protein, salt, and riboflavin deficiencies have 
been corrected. However, the supply of these factors does not appear 
to be adequate for reproduction and lactation. 

While our data do not indicate which minerals are deficient in 
white bread, the evidence is clear that certain constituents of the 
Osborne and Mendel salt mixture are needed to permit the full expres¬ 
sion of the growth obtainable when the protein and vitamin limitations 
of white bread have been improved. Calcium is undoubtedly an im¬ 
portant factor as shown by Henry’s (1941) work and indicated by our 
data in Table II. 

White bread of high nutritional value is produced when supple¬ 
mented with natural food products, such as dry yeast or dry milk, 
which will contribute an adequate amount of lysine. One may also 
make use of low-fat soy flour to replace part of the white flour, since 
soy flour contains about 2.4% lysine. 

Summary 

The nutritive value of white bread was studied, using white rats 
which were fed a diet composed exclusively of bread supplemented 
with the fat-soluble vitamins A, D, and E. The results show that 
white bread made from relatively high patent flour and without milk 
is deficient in lysine, valine, riboflavin, and mineral salts. 

For young growing rats a white bread made with 6% dry skim 
milk solids permitted good growth and apparent good health and is 
equal to whole wheat for promotion of growth. 

The incorporation of 0.25% l(+)-lysine, 0.27% l(+)-valine, 2.0% 
Osborne and Mendel salt mixture plus supplemental vitamins A, 
O, and E, and 0.8 mg riboflavin per pound loaf produced a bread which, 
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when fed ad libitum, gave better growth than either a 6% milk bread, 
or a straight whole wheat bread. 

Proteins supplying the amino acids, lysine and valine, an* present 
in milk, yeast, and soybeans. These products, when added to bread 
in sufficient amounts, will correct the amino-acid deficiencies of white 
bread. 

A white bread fortified with 0.25% lysine, 0.27% valine, 2AY W ( 
Osborne and Mendel salt mixture, vitamins A, D, and K, and 0.8 mg 
riboflavin per loaf'is more than twice as efficient in producing weight 
gains in young white rats than either basic white bread or enriched 
white bread 6 and about one third more efficient than either whole wheat 
or 6% milk bread over an 8-week test period. 
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In a recent article by the Council on Foods and Nutrition of the 
American Medical Association (1942) attention was drawn to the 
progressively increasing consumption of sugar and of other relatively 
pure carbohydrates by the American public during recent years. 
Since this dietary tendency is regarded as a serious obstacle to im¬ 
proved national nutrition, the Council believes, “It would be in the 
interest of the public health for all practical means to be taken to limit 
consumption of sugar in any form in which it fails to be combined with 
significant proportions of other foods of high nutritive quality.” 

Some attempts have been made in this country to enrich sugar, 
especially with vitamin Bj, but no satisfactory solution to this problem 
has yet been reported. It seems therefore that the alternative of 
enriching foods like cakes, pies, and confections, in the manufacture 
of which a high proportion of sugar is employed, is a rational step in 
the same direction. 

In this report are presented the results of a survey of the extent to 
which commercial cakes and pies furnish some of the more important 
nutritional elements. Suggestions are included as to which products 
might profitably be enriched, and the minimal standards for such 
enrichment. 


Sampling 

Representative samples of 50 different cakes and 50 different pies, 
baked in 53 bakeries were purchased on the retail market in New York, 
Chicago, Atlanta, Omaha, and Los Angeles. The samples were col¬ 
lected by agencies in no way connected with the baking industry. 
I'he purchases were made in middle- and low-income neighborhoods 
where it is claimed most cakes are bought. 

The cakes were of four commercial types: (a) The foam type, such 
as sponge and angel food, in various shapes and sizes; (b) The light- 
batter type, including layer cakes of different sizes, with a variety of 
icings, and a number of cup cakes; (c) The heavy-batter type, such as 
pound cake, iced or un-iced; (d) Specialty goods containing fruits 
and/or nuts. The three main types of pies selected were apple, fruit 
pies other than apple, and a number of specialty items. The 
samples were standard 9-inch pies, each considered to consist of six 

661 



662 


VITAMINS AND MINERALS IN CAKES AND PIES Vol. 20 


servings. The kinds of cakes and pies and their relative numbers 
reflect their popularity in the American market. 

Analyses were conducted upon the aliquots of the ground, air-dried 
cakes and of the homogenized pies for vitamin A, thiamine, ascorbic 
acid, riboflavin, niacin, calcium, and iron content. Precautions were 
taken in preparing the composites to prevent contamination with 
minerals and loss of any nutrient. Analyses for all of the above 
factors were not conducted upon every sample. When a figure for a 
given nutrient is omitted from the tables it may be regarded as being 
present in this particular product [deductions from the tables compiled 
by Daniel and Munsell (1937) and Booher and associates (1942)] in 
quantities too low to justify the analysis. 

Methods of Analysis 

All the values are reported for the cakes and pies on the “as 
received” basis. Vitamin A was determined by the antimony tri¬ 
chloride procedure (Dann and Evelyn, 1938; Oser, Melnick, and 
Pader, 1943). Since the vitamin A in the test products was derived 
from butterfat and eggs, part of it was known to be present in the 


TABLE I 

Vitamin and Minfral Contknt of Bakfrs’ Cakfs 
(Values expressed on the “as received” basis. Figures in parentheses indicate range) 


1 ype of cake 

Number 

samples 

tested 


Values found, pet 100 r 


Thiamine 

Riboflavin 

Niacin 

Calcium 

Iron 

Foam 

7 

Hg 

31 

(7-82) 

HR 

150 

(75-263) 

mg 

0.54 

(0.23-0.89) 

mg 

69 

(12-173) 

me 

2.0 

(0.7 5.4) 

Light batter 

26 

32 

(5-65) 

97 

(35-171) 

0.67 

(0.34-1 12) 

62 

(35-117) 

2.0 

(0 7-5.1) 

Heavy batter 

10 

40 

(21-74) 

92 

(51-131) 

0.72 

(0,35-1.26| 

48 

(29-79) 

1.5 

(0.9-2 5) 

Fruit or nut 

7 

60 

(36-104) 

! 96 

(55-125) 

0.66 

(0.34-0.93) 

51 

(35-82) 

2.3 

(1.5-3.5) 


form of the provitamin, carotene. Accordingly, separate tests for 
this factor were made by the colorimetric A.O.A.C. (1940) procedure. 
Thiamine was determined by the thiochrome procedure (Hennessv, 
1941). Ascorbic acid was estimated photometrically (Bessey, 1938; 
Hochberg, Melnick, and Oser, 1943); only total ascorbic acid values 
(dehydro- plus reduced-ascorbic acid) are reported. Riboflavin was 
determined by the microbiological method (Snell and Strong, 1939: 
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Andrews, Boyd, and Terry, 1942), niacin colorimetrically (Melnick, 
1942), calcium titrimetrically (A.O.A.C., 1940), and iron by the 
colorimetric procedure (A.O.A.C., 1940). 

Results 

The results of the present tests are summarized in Tables I and II. 

Maximal, minimal, and average figures are presented for the 
different kinds of cakes and pies. The results of the analyses for 

TABLE II 

Vitamin and Mineral Content of Bakers' Pies 
(Data refer only to standard 9-inch pies. Values expressed on the “as received" 
basis. Figures in parentheses indicate range) 



Num¬ 

ber 

Average 

serving 

Values found, per 100 g 

Identity 

sam¬ 

ples 

tested 

Vitamin 

A 

Thi¬ 

amine 

1 

Ascorbic ! 
Acid 

Ribo¬ 

flavin 

Niacm 

Calcium 

Iron 



g 

USP 

units 


mg 

ug 

mg 

mg 

mg 

Apple 

12 

201 

(183-227) 


— 

0 44 

(0.0-1 1) 

— 

0 40 

(0 21-0 55) 

— 

1.9 

(1.2-3.0) 

Pineapple 

9 

174 

(148-210) 

— 

— 

0.55 

(0.0-1 0) 

~ 

0.40 

(0 24-0.55) 

— 

0.8 

(0.7-0.9) 

Cherry 

8 

181 

(153-207) 


— 

0.43 

(0 1-1.2) 

— 

0.46 

(0.29-0.76) 

— 

0.8 

(0.6-1.0) 

Berry 

8 

174 

(144-203) 

— 

— 

0.37 

(0.0-0.9) 

— 

0.43 

(0.20-0.64) 

— 

1.0 

(0.9-1.0) 

Coconut 
cu staid 

5 

176 

(151-214) 

226 

(171-257) 

61 

(58 -66) 

— 

187 

(109 218) 

0.29 

(0 27-0.30) 

125 

(120-130) 

1.2 

(0.9-1.4) 

Lemon 

meringue 

3 

160 

(134-187) 

174 

(92-256) 

32 

(30-34) 

0 90 

(0.6-1.2) 

83 

(78-88) 

0.19 

(0 18-0.20) 

20 

0.5 

Mmce 

3 

218 

(186-251) 

— 

68 

(65-70) 

0.60 

35 

(26-44) 

0 35 

(0 29-0.40) 

— 

2.2 

Pineapple 

cheese 

1 

185 

376 

93 

0 80 

220 

0.36 

50 

0.7 

Pumpkin 

1 

183 

9830 

— 

0.30 

— 

0.50 

90 

1.0 


different samples of the same type of product, even though purchased 
in the same city, were found to vary widely. Some samples which con¬ 
tained appreciable amounts of one nutrient were wanting in other 
factors. 

Consideration of the data from the standpoint of average cake or 
pie should be undertaken with some reservation in view of the wide 
deviation of individual values within each series. However, in order 
to express a general opinion on the nutritional value of these products 
in the American dietary, it is permissible to base interpretations on 
average values. This decision is supported by the relatively large 
number of samples subjected to assay. 
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Interpretations and Recommendations 

It is unreasonable to expect the values reported for the cakes and 
pies to compare favorably with figures in the literature for the pro¬ 
tective foods such as meat and dairy products, fresh fruits, and vege¬ 
tables, etc. Likewise one should not compare the results with values 
for other desserts commonly consumed, since many of these contribute 
very little in food value other than calories. Accordingly, the values 
obtained for the cakes and pies have been interpreted in absolute 
terms, dealing with the degree to which these foods furnish specific 
nutrients in proportion to calories. Justification for this approach 
may be found in the fact that it was one of the guiding principles used 
by the U. S. Food and Drug Administration in arriving at the standard 
levels for enrichment of flour and bread. 

Under the present Federal Food, Drug, and Cosmetic Act (1941) 
the minimal daily requirements for the various vitamins and minerals 
for which assays were made in the present study, are: 


Vitamin A 

4000 l\Sl> units 

thiamine 

1.0 mg 

Ascorbic and 

30 “ 

Riboflavin 

20 “ 

Niacin 

10 44 

Calcium 

750 44 

Iron 

10 “ 


For the purpose of the present discussion it has been assumed that 
an individual consuming 2500 calories eats one serving of cake or pie 
during the day. It is considered desirable by some nutritionists that 
foods should furnish their specific nutrients at least in the same propor¬ 
tions to the daily requirements as they furnish calories. This criterion 
was used to show to what extent each kind of cake or pie conforms to 
such a theoretical ideal, i.e. t the relative “nutrient load” carried by the 
calories in a serving. These proportions hold regardless of the size 
of the serving since they are relative to calories. The results of this 
evaluation of cakes and pies arc presented in Tables III and IV. 

All the cakes furnish insufficient quantities of thiamine and niacin 
to the dietary. This is also true in the case of riboflavin and calcium; 
foam type cakes, however, carry their nutrient load of these factors 
to a significantly greater extent than the other three types of cake. 
All four classes of cake furnish a satisfactory amount of iron to the 
dietary. The data presented in Table III also suggest minimal 
standards for the enrichment of cake, if such a step is contemplated. 
The suggested minimal level involves enriching these foods so that 
they would carry their full nutrient loads. Under such circumstances 
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they would no longer be dependent upon other foods in the dietary to 
compensate for their deficiencies. 

The nutritional evaluation of the pies is presented in Table IV. 

The values for the most popular pies- apple, pineapple, cherry, 
and berry—are comparable but cannot be regarded as good; on the 
average only 16% of their nutrient load of ascorbic acid and 44% of 
that of niacin were furnished in one serving. However, these pies 
contribute satisfactory' quantities of iron to the dietary. 

Mince and lemon meringue are not significantly superior to the 
fruit pies from the nutritional point of view. They do, however, 


I ABLE III 

Nutritional Kvaiuaiion or Caki s Soid on \wmucan Markff 




Nu in 
her 
sam 

pies 

tested 


( ulones 


Nutrition*!! \ allies furnished b\ 100 g 
Ihumine Ribotlu\ m Niaon I ( ilcium 


I 

o I 


X 2 

1 Q i t 


I 


Iron 


l 


X 

Q i 


Foam 

7 

280 

11 

1 1 

1 27 

l_ s 

7* 

'1, 

45 

'A 

82 

20 

1 

182 

Lic;ht battei 

26 

m 

! u 

, 

* 

1 

21 

5 i 

S6 

! 7 

50 

8 

■ 57 

20 

14S 

Heav> hatter 

10 

m 

; 

16 ! 

1 

1 * 

25 

5 

SI 

7 

44 

1 6 

S8 

i 1 

,15 ! 

04 

Fruit or nut 

7 

170 

1 1 

15 | 

6 

40 

! s | 

S3 

7 

_ l 

47 

7 

_i 

47 

|23 

15? 


1 I he \aluts in this column are based upon proximate anal> ses conducted on the mdn ldual samples 
Ihe data were furnished b\ Mr K B Meckel, \mencan Institute ol Baking Chicago, Ill 
1 I otal calone intake is assumed to be 2500 calories per d i> 

* 1 he percent ot the minimal daily requirement of each nutrient contained in one serung ol cake 
I he \ allies m these t olunins are based upon the a\ erage figuies m l able 1 and the values for the minimal 
daily tequiretneut (bedcial Pood, Drug and C osjmetu Act 1941) 

* I he percent of the nutrient load (see text) of each nutrient contained in one serung of cake 


furnish a larger number of essential food factors in quantities which 
have some nutritional significance 

Nutritional!} speaking, pumpkin, coconut custard, and pineapple 
cheese pies must be regarded as the three outstanding pies. The 
former carries more than its nutrient load in the case of vitamin A, 1 
calcium, and iron. Coconut custard pic furnishes satisfactory quan¬ 
tities of riboflavin, calcium, and iron, and significant quantities of 
vitamin A and thiamine. Pineapple cheese pie furnishes ample 


1 The vitamin A value of the pumpkin pic wai found to be far in excess of that reported m the 
literature lot the fresh whole vegetable For this reason the carotene analysis was repeated but this 
time the xanthophyll-free extract prepaied accoiding to the A O A C. (1940) procedure was subjected 
to chromatographic adsorption on, and subsequent elution from, the magnesium oudt column according 
to the method of Fraps and kemmerer (1941). No difference in the carotene value was obtained despite 
thu> improvement in the specificity of the assay procedure 
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quantities of vitamin A, thiamine, riboflavin, and iron. Furthermore, 
these three types of pie furnish approximately IS g of protein per 
serving, fully three times that yielded by the fruit pies, Since the 
proteins in the former pies are derived mainly from milk and eggs, 
foods characterized by the excellent biological value of their proteins, 
these pies must also be regarded as good sources of protein. Because 
of the factors described above these pies need not undergo enrichment. 

TABLE IV 

Nutritional Evaluation of Pies Sold on American Market 


Nutritional values furnished by an average serving 1 



Num¬ 

ber 

Calories 

Vitamin \ 

Thi¬ 

amine 

Ascorbic 

acid 

Ribo¬ 

flavin 

Niacin 

Cal- j 
cium 

Iron 

Identity 

sam- 
















A 


pies 




-o 


•o 


TJ 


~o 


’0 


•o 


•v 


tested 



oi 

1 

pi 

| 

pi 

8 

X 


pi 

8 

pi 

J 

pT 

3 




•cU 

Q 

u 

O 


Q 

h 

Q i 

£ 

Q 

u 

Q , 

h 

d 

b 



3 


i 

3 

z 

£ 

3 

z 

£ 

3 

z 

3 

3 

z 

£ 

3 

z 

£ 

3 

z 

3 

3 

z 



H 


t> s i 



& 

& 

15 



& 


& 

& 



Apple 

12 

540 

; 

22 





3 

14 



8 

36 



38 

18) 

Pineapple 

9 

360 

14 





3 

21 



7 

50 



14 

100 

Cherry 

8 

440 

18 





3 

17 



8 

44 



15 

83 

Berry 

8 

1430 

17 





2 

12 



8 

47 



17 

100 

Coconut 

5 

380 

15 

10 

67 

11 

1 73 



15 

100 

5 

33 

29 

193 

! 21 

140 

custard 


















Lemon 

3 

350 

14 

7 

50 

5 

36 

5 

36 

7 

50 

3 

21 

4 

29 

8 

57 

meringue 


















Mmce 

3 

660 

26 



15 

58 

4 

15 

4 

15 

8 

31 



48 

185 

Pineapple 

1 

290 

12 

17 

142 

17 

142 

5 

42 

20 

167 

7 

58 

12 

100 

13 

108 

cheese 


















Pumpkin 

1 

400 

16 

450 

2810 



2 

13 



9 

56 

22 

137 

18 

112 


1 The figures for the average serving of each kind of pie are given in Table II. 

9 The values in this column are based upon proximate analyses conducted upon representative pies. 

* Total caloric intake is assumed to be 2500 calories per day. 

4 The percent of the minimal daily requirement of each nutrient contained in one serving of pie 
The values in these columns are based upon the average figures in Table II and the values for the 
minimal daily requirement (Federal Food, Drug, and Cosmetic Act, 1941). 

•The percent of the 41 nutrient load" (see text) of each nutrient, contained in one serving of pie. 


In the case of cake there is justification for thiamine, - riboflavin, 
niacin, and calcium enrichment. In connection with the last three 
nutrients, no technicological problem exists; riboflavin (Andrews, 
Boyd, and Terry, 1942) and niacin (Melnick, 1942) are stable during 
the baking process; calcium, of course, would be unaffected. Some 
preliminary experiments have been conducted to determine the pos¬ 
sibility of enriching cake with thiamine. These tests were carried out 
on a commercial scale. The results are presented in Table V. The 
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levels of enrichment were purposely exaggerated in order to minimize 
possible lack of specificity and precision of the assay method as factors 
complicating interpretation of the results. The results indicate that 
cakes may be enriched as readily as bread, the thiamine loss being only 
slightly greater (Melnick and associates, 1941). This may be due to 
the fact that bread is more acid (average pH 5.8) than most cakes. 
It would seem from the tests recorded that the thiamine losses tend 
to be greater with increasing alkalinity of the batter. 

In the case of fruit pies, the most logical and important factor which 
should be stabilized or restored is ascorbic acid. The low ascorbic 


TABLE V 

Thiamine Enrichment of Cake on a Commercial Scale 
(Values expressed on the "as received" basis.) 


T ype of cake 

pH of 
batter 

Sample 

1 hiamine 
added 1 

Total 

thiamine 

found 

Thiamine 

loss 




vg/lOOg 

Hje/100* 

% 

Foam 

5.9 

Basal 

0 

47 

— 



Enriched 

1040 

1000 

8 

Foam 

7.9 

Basal 

0 

77 

_ 



Enriched 

415 

394 

24 

Light batter 

7 3 

Basal 

0 

63 

_ 


Enriched 

454 

376 

31 

Heavy batter 

6.4 

Basal 

0 

56 

_ 

i 

Enriched 

421 

394 

20 

Heavy batter 

! 7.1 

Basal 

0 

61 

_ 


Enriched 

380 

I 356 

22 


1 Synthetic thiamine was used as the means of enrichment 


acid values listed for these products are not surprising. Losses of as 
much as 90% of this vitamin have been reported in the baking of pie 
(Kohman, 1942). We have observed ascorbic acid to be more stable 
in small 4-inch pies which require a much shorter period of baking. 

Summary 

Fifty samples each of commercial cakes and pies were subjected to 
vitamin and mineral assays. In terms of calories furnished, “average” 
cake carries from one-fifth to four-fifths of its nutrient load of thiamine, 
riboflavin, niacin, and calcium. However, in the case of iron, ample 
proportions are supplied. Cake may be enriched as readily as bread. 
Except for iron, fruit pies, likewise, are dependent upon other items in 
the dietary to compensate for their nutritional deficiencies. The 
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custard and cheese pies furnish satisfactory quantities of vitamin A, 
thiamine, riboflavin, calcium, iron, and protein. Minimal standards 
for the enrichment of cake and pie are suggested. 
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The use of an experimental mill for the study of the properties of 
wheat flour presupposes a reasonable agreement between the experi¬ 
mental and corresponding commercial flour characteristics. Consid¬ 
ering the importance of this point, remarkably little work has been 
published on the subject and what there is is frequently contradictory. 

No great effort has ever been made to standardize the experimental 
milling test, though the necessity has been apparent for some time. 
Markley and Treloar (1937) in a study of the influence of 12 individual 
milling techniques on flour and loaf characteristics concluded that 
41 there is need for further work upon the experimental milling tech¬ 
nique in order to improve the forecasting of the ash, protein, and 
diastatic activities of commercially milled flours.” The milling tech¬ 
niques used in that study were not described. 

According to Ziegler (1940), the Milling and Baking Section of the 
Sixth International Technical and Chemical Congress of Agricultural 
Industries held in Budapest in July, 1939, passed a resolution that the 
standardization of the laboratory milling test should receive priority 
in discussions at the next congress, thus showing an appreciation of 
its importance. 

The experimental mill systems vary considerably with respect to 
the number of break and reduction rolls and type of sifters used. 
Ziegler (1938) reviewed the more common systems which he gave as 


follows: 

Number of 
breaks 

Reduc¬ 

tions 

Willard and Swanson (1911) 

5 

21 

Geddcs and West (1930) 

5 

8 

Barbade (1934) 

4 

4 

Brabender automatic mill (1935) 

1 

1 

Kranz (1934, 1935) 

3 

3 

Buhler automatic mill (1935) 

3 

3 

Geddes and Aitken (1937) 

(Allis-Chalmers experimental mill) 

5 

8 


Apart from the Bra bender mill, there appears to be general agree¬ 
ment that the commercial-mill flours possess higher diastatic activity 
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than the experimental-mill flours and that a correlation exists between 
the two. In 1927 this point was emphasized by Blish and Sandstedt 
and later was discussed by Pascoe, Gortner, and Sherwood (1930) in 
their report of some extensive investigations on commercially milled 
vs. experimentally milled flours. The work of Markley and Bailey 
(1934), Swanson (1935), Leatherock, McGhee, and Giertz (1937), and 
Jones (1940) further supports the statement above. 

In a survey of the literature, only one detailed reference (Shellen- 
berger, 1938) to the gassing power and diastatic activity of experi¬ 
mental and commercial flours was found other than that by the author 
(Bottomley, 1938), though Cayzer and Jones (1938) compared the 
gassing power by means of the fermentograph of the experimental and 
commercial flours from two different types of wheat. Cayzer and 
Jones used an Allis-Chalmers type of experimental mill with four 
breaks and eight reductions. They gave no diastatic activity figures 
but showed that the commercially milled flours produced more gas on 
fermentation than did the corresponding experimentally milled flours. 
The difference was not, however, significant in their baking test, since 
0.5% of malt flour was included in the baking formula. They sug¬ 
gested that the reason for the lower gassing power of the experimentally 
milled flour was that in the laboratory mill the roll pressure is not so 
great as in the commercial mill, and consequently one would expect a 
lower proportion of ruptured starch grains. 

Shellenberger (1938) reported the results of a comparison of the 
diastatic activity determinations by the Blish-Sandstedt method and 
the gassing power by the Blish-Sandstedt manometric method of 104 
commercially and 85 experimentally milled flours. The type of mill 
is not discussed but one assumes that it is of the Allis-Chalmers type 
since these are widely favored in America. He found that, on the 
average, the commercially milled flours had a greater hourly gassing 
rate than the experimentally milled flours and that the gassing power 
was sustained for a longer time. For both series of flours he found a 
significant relationship between diastatic activity and gassing power 
after all the initial sugars present in the flours had been fermented, 
that is, after three hours’ fermentation under the conditions of his 
experiment. 

The Brabender mill differs radically from the other types of experi¬ 
mental mill. In the first place it is a very short system mill, having 
only one break and one reduction. Further, these do not consist of 
pairs of corrugated and smooth rolls but of pairs of conical artificial 
stones operating in a horizontal plane. The wheat is fed to the upper 
pair of stones through a hopper and a variable gauge which controls 
the rate of feed. The partially ground stock passes to a sifter where 
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any bran and flour are directly removed to the bran and flour box and 
the middlings are passed on to the second pair of stones for reduction, 
after which the products are sieved on a second sifter. This separates 
the flour, pollard, and any further bran. 

The sieves on the mill used in this investigation carry (1) a 20-wire 
and a 9xx silk and (2) a 7xxx and 7xx silk 1 for the break and reduction 
stock, respectively. The Brabender mill has been described in detail 
by Mueller (1934, 1935) and further reference to its design is not 
necessary here. 

The comparative value of the Brabender automatic and Allis- 
Chalmers experimental mills for wheat investigations has been studied 
by Geddes and Aitken (1937). They found on making baking tests 
that a better differentiation between samples was obtained with the 
Allis-Chalmers flours and that these were closer in appearance to 
commercial-mill flours. It is pointed out, however, that the funda¬ 
mental purpose of the Brabender mill is to supply in the shortest 
possible time a flour sample for farinograph testing (i.e., for physical 
testing) and not primarily to yield flours comparable to those produced 
by commercial mills. 

Geddes and Aitken did not present or discuss the diastatic activity 
or gassing power values of their samples. The flour extractions ob¬ 
tained by them on the Brabender mill I consider to be somewhat low, 
though they used sieves different from those described above. They 
obtained a mean flour yield of 47.3% and 67.9% for the Brabender 
and Allis-Chalmers milled samples, respectively. In the following 
study the flour yields for the Brabender-milled samples mainly varied 
from 58% to 62% and they are compared with corresponding samples 
milled on a commercial mill having an output of 5 tons of flour per 
hour, and a flour extraction of approximately 72%. 

In addition to this series of comparisons, there is a second which 
shows the differences between Brabender-milled flours and flours from 
a Tattersall mill, which is one of the smallest commercial roller mills 
in use. It possesses two pairs of break and two of reduction rolls and 
two centrifugals, all of normal commercial dimensions, and is, there¬ 
fore, a short-system mill. Under the conditions of this study it was 
set to give a flour extraction of 72% with an output of from 350 to 
400 pounds of flour per hour. 

The Tattersall mill is especially useful for studying the milling 
properties of different wheat varieties and for rapidly obtaining suffi¬ 
cient flour to enable commercial baking tests to be made, since it is 
only necessary to have from eight to ten bags of wheat. It is fre¬ 
quently impossible to obtain sufficient of a new wheat variety to 

1 A *'20” wire has 20, a 9xx silk 97, a 7xxx silk 86, and a 7xx silk 82 meshes per lineal inch. 
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TABLE II 

Comparison of Brabender (B) and Corresponding Tattersall (T) Mill Flours 
(Extraction of Tattersall mill flours approximately 72%) 
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enable a full-scale commercial milling to be made; furthermore such 
tests interfere with normal production. 

Though we were chiefly concerned with diastatic activity and 
gassing power values, it was thought that it would be advantageous 
to other workers who are unable to make direct comparisons between 
their experimental equipment and commercial mills to present as full 
a comparison of the various flours as was possible. Consequently, all 
available analytical data are listed in the tables given below. 

Methods 

Diastatic activity was determined by the Kent-Jones (1939) method 
and the gassing power by the fermentograph (Brabender, 1935). In 
the final columns of Tables I and II are given the maximum values 
of the hourly gas production and the times at which they occurred. 
Moisture, protein, and ash were determined as follows: 

Moisture, by drvmg overnight 5-g samples in an oven at 102°-103°C 
Protein (N X 5 7), by the Kjeldahl method using 7 g potassium sulfate 
and a trace of copper sulfate to aid the sulfuric acid digestion 
Ash, by igniting 5-g samples for 2 hours at 600°C in a muffle furnace 

The water absorptions of the flours as found by means of the farino- 
graph are also listed. 

The results have purposely not been calculated to a uniform 
moisture content basis, because the values obtained are informative. 
They show how much more moisture has been lost in the commercial, 
as compared with the experimental milling for the various types of 
wheat. 

The wheats ground on the Brabender mill were running samples 
from the feeds to either the commercial or the Tattersall mill and, 
therefore, had been subjected to the commercial cleaning and tem¬ 
pering (damping) treatments. The commercial mill samples were also 
heat-conditioned but this was not possible for the Tattersall-mill 
samples. The flours from the commercial and Tattersall mills were 
running samples corresponding to the wheat samples. All flours were 
kept in air-tight tins during the course of the investigation. 

Results 

A comparison has been made of Brabender (B) and corresponding 
commercial (C) mill flours from 14 wheat blends which varied in 
protein content from 7% to 12£%. These samples were representa¬ 
tive of blends varying from soft wheats suitable for the manufacture 
of biscuit flour to wheats appreciably harder and more proteinous than 
average Victorian wheats. The results are shown in Table I. 
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The comparison between the Brabender (B) and corresponding 
Tattersall (T) mill flours has been made for 13 samples covering 7 
different wheat varieties and 3 commercial wheat blends. The pro¬ 
tein content of these flours varied from 9 \% to 15J%. The results 
are listed in Table II. In order to illustrate in more detail the differ¬ 
ences in gassing power between corresponding samples from different 
mills, the hourly production of carbon dioxide, as determined by the 
fermentograph, has been given in Table III for a number of samples 
taken from Tables I and II. 


TABLE III 

Diastatic Activiiy and Gassing Power ok Corresponding Experimentally 
and Commercially Milled Flours 

(B = Brabender; C = commercial; T = Tattersall mill flour) 


Fermentograph gassing power—ml CO 2 produced per hour 


Sample 


£ 

10 

13 

Blend 

Ranee 

flour 



12/38 

3/41 


B 

C 

B 

C 

B 

C 

B 

C 

B 

T 

B 

T 

1st hour 

400 

420 

360 

340 

320 

320 

320 

250 

360 

360 

380 

340 

2nd hour 

470 

460 

420 

410 

490 

430 

410 

370 

420 

405 

500 

480 

3rd hour 

550 

530 

550 

540 

575 

580 

560 

490 

560 

555 

640 

555 

4th hour 

540 

480 

570 

510 

590 

400 

610 

460 

410 

320 

640 

520 

5th hour 

480 

420 

430 

400 

180 

140 

460 

340 

145 

140 

560 

420 

6th hour 

420 

350 

270 

250 

125 

110 

180 

140 

105 

100 

350 

280 

7th hour 

370 

230 

160 

140 

100 

95 

130 

100 

80 

80 

210 

195 

5-hour total 

2440 

2290 

2330 

2200 

2155 

1870 

2360 

1910 

1905 

1780 

2720 

2315 

7-hour total 

3230 

2970 

2760 

2590 

2380 

2075 

2670 

2150 

2090 

1960 

3280 

2785 

Diastatic activity. 













maltose % 

(Kent-Jones method) 

2.60 

2 32 

2.20 

1.94 

2.01 

1.67 

3 03 

2.43 

1 62 

1.34 

2.J3 

1.70 

Protein % (N X 5.7) 

7.87 

7.61 

9 12 

9.23 

10.54 

10.60 

12.08 

11.91 

9 58 

9.46 

10.03 

10.09 


Discussion of Results 

It will be seen from Tables I and II that the experimentally milled 
flours gave higher diastatic-activity values and, with one exception, 
higher gas-production values than did corresponding commercially 
milled samples. These differences tended to increase with increase in 
protein content of the samples as is shown in Table IV. 

An important point in this connection is that although the gas 
production during fermentation is greater in quantity and is sustained 
for a longer time in the experimentally milled flours, the hourly rates 
of gas production are approximately paralleled by the commercially 
milled flours. Thus corresponding flours have similar gas production 
characteristics. 

The differences in gas production values have been calculated from 
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the total gas produced (fermentograph method) in S hours, since this 
is more significant than the 7-hour total under the conditions of this 
experiment. 

For all practical purposes the protein content of the experimentally 
milled flours is not significantly different from that of corresponding 
commercial flours. Without correcting the analytical data for differ¬ 
ences in moisture content the maximum difference was 0.38%, the 
Brabender flour being the greater. The tendency for the experimental 
flours to have a slightly greater protein content is probably due to the 
unavoidable presence of small branny particles, which also accounts 
for the much higher ash figures. The latter increase markedly with 
increase in protein content and give little indication of the probable 
ash content of the commercial flour. 

As is to be expected from the use of short-system milling, less mois¬ 
ture loss occurs in the experimental mill than in the longer commercial 

TABLE IV 

Diastatic Aciivity and Gassing Power in Relation to Protein Conti nt 


Samples 

Diastatic activity 

Gassing power CO 2 5 hour 
total 

No 

Protein range 

Av 

Min 

Max 

Av 

Mm 

Max 


% 

% 

% 

% 

ml 

ml 

ml 

14 

7 to 12J 

0 33 

0 08 

0 72 

220 

-10 

450 

9 

7 to 10 

0 22 

0.08 

0 34 

164 

-10 

310 

5 

101 to 121 

0 66 

0 34 

0.72 

320 

270 

450 


process. The greatest difference between corresponding samples is 
noted in the harder, higher-protein wheats, where it reached 2%. 

The water absorption of the flours as determined by the farino- 
graph was lower in the experimental than in the commercial flours 
by from 0.7% to 3.9% While this difference is partially due to 
differences in moisture content, it is thought to be due mainly to 
differences in granulation between the flours. 

The foregoing remarks apply very closely to comparisons between 
the experimental and corresponding Tattersall mill samples. In this 
instance the diastatic-activity values of the experimental flours were 
greater than those of the Tattersall-mill flours by an average of 0.36% 
(minimum 0, maximum 1.07%) and the gassing power values greater 
by an average of 292 ml CO 2 (minimum —30, maximum 640) per 
S hours. 

It is not feasible to give similar figures for different protein levels, 
because the wheats ground differed so widely in type and differences 
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between varieties would be greater than differences between protein 
contents (cf Ford and Baldmin varieties). 

Conclusions 

It is not to be expected that an exact duplication of the performance 
of a commercial mill can be obtained by a small experimental mill. 
Consequently there must be always an interpretation of the experi¬ 
mental results by the operator. From the data presented it can be 
concluded that such an interpretation with regard to diastatic activity 
and protein content is possible by the use of the Brabender automatic 
laboratory mill. 

The diastatic activity of flours from this mill is higher than that of 
corresponding commercial mill flours, which is the reverse of the results 
found by the use of other experimental mills. This difference increases 
markedly when the protein content of the samples is higher than 10%. 
There is, however, a definite similarity in the gas-production charac¬ 
teristics during fermentation, so that a substantially accurate forecast 
can be made of the gassing power of a commercial flour after con¬ 
sideration of the experimental results. 

The differences in diastatic-activity and gassing-power values be¬ 
tween the two sets of flours is less in the series of samples of wheat 
blends than in the series covering different varieties. This indicates 
that it would be more difficult for the wheat breeder to interpret 
results than for the commercial cereal chemist who is more concerned 
with blends than individual wheat varieties. 

There is only a very general relationship between diastatic activity 
(maltose figure) and gassing power (fermentograph) as was also found 
in an earlier study (Bottomlcy, 1938). 

Although the protein content of corresponding experimental and 
commercial flours is approximately the same, the ash content varies 
widely. It is to the contamination of the experimental flours by bran 
and germ particles, as evidenced by the high ash figures, that the poor 
baking qualities of the Brabender-mill flours are ascribed. It is also 
probable that this contamination accounts to some extent for the 
poorer farinograph curves given by the experimental flours. Though 
not discussed earlier, it can be mentioned here that the farinograph 
curves of corresponding flours are similar in type but that the experi¬ 
mental flours always give a curve of less strength and stability than 
that given by the commercial flour. 
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A FURTHER COMPARISON OF FLOURS OBTAINED WITH 
THE MICRO AND ALLIS-CHALMERS MILLS 1 

L. D. Sibbitt, G. M. Scott, and R. H. Harris 

North Dakota Agricultural Experiment Station, Fargo, N. Dak. 

(Read at the Annual Meeting, May 1943; manuscript received for publication May 19, 1943) 

Micro milling and baking methods have received attention from 
cereal researchers from time to time because of the relatively small 
quantity of wheat required for a test, as compared with the Allis- 
Chalmers and Buhler mills. Geddes and Frisell (1935) described a 
micro experimental flour mill, and comparisons of the chemical and 
baking properties of flours produced on the micro and Allis-Chalmers 
mills were made by Geddes and Aitken (1935) and Harris and Sander¬ 
son (1939). High positive correlations were obtained by both labora¬ 
tories for flour protein and diastatic activity between the two sets of 
flours, but rather low correlations for flour yield and loaf volume were 
found by Harris and Sanderson in contrast to the highly significant 
relationships obtained by Geddes and Aitken. No correlation between 
flour ash on the two mills was discovered in the second study. 

McCluggage (1943) reported the results of a study conducted with 
flours comparatively milled from hard red winter wheats by the 
Buhler and a Hobart laboratory grinder in which the latter was sub¬ 
stituted for the usual experimental rolls. A flow similar to that 
commonly used in the Allis mill was employed, and the sifting was 
done on a Roto-matic sifter. Very high relationships were found 
between the loaf volumes of the flours milled by the two methods and 
likewise between wheat and Hobart flour protein and protein content 
and loaf volume. Approximately 300 g of wheat were required for 
each milling by the proposed micro method. 

It was felt by the authors that the previous work of Harris and 
Sanderson (1939) should be repeated with special attention to milling 
yields on the two mills, and ash contents and relative baking quality 
of the two sets of flours. A different micro flow sheet from that 
employed by Harris and Sanderson is now in use in this laboratory and 
dissimilar results would naturally be expected. The micro technique 
is of marked importance at this station because of the substantial 
number of samples from the wheat nursery which it is necessary to 
handle each year in order that the breeding and propagation of new 
and desirable varieties will not be delayed. It has served to indicate 
baking quality from 2 to 3 years before determinations with the Allis 

1 Published with the approval of the Director of the Experiment Station. 
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procedure could be made The micro mill used is modeled after the 
one described by Geddes and Frisell (1935) 

Material and Methods 

In an initial experiment 25 replicate millings from a sample of 
high-grade hard red spring wheat were made on the Allis and micro 
mills. In a second study, 30 samples of different varieties of hard red 
spring wheat varying in test weight from 57.6 to 64.0 pounds per 
bushel were milled. The samples were prepared for milling by the 
usual procedure. The same operator did all millings on both mills, 
using 2000 g for the Allis and 175 g for the micro. 



LONG PATENT 


SHORTS 


FLOUR 


Big 1 Blow sheet used with the Allis Chalmers mill 


Figure 1 shows the flow sheet employed for the Allis mill. Two 
stands of break rolls and one of reduction rolls were list'd. In break 4 
the stock on 18 W went to break 5, while the material off the remaining 
sieves went to the first reduction, each classification being reduced 
separtltely, using an entirely different roll setting for the stock from 
each sieve The ldtters A, B, etc , are used to designate the different 
reduction/^ '^'Wjings. The settings were not rigidly fixed to corre¬ 
spond to aii£ particular letter but were adjusted according to the 
“feel” and appearance of the ground stock. After sifting break 5 
stock the material on 34 GG and 44 GG was discarded as bran and 
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shorts, respectively; the two remaining sieves were left in the bolter, 
and two additional sieves, 20 W and 54 GG, were added. The stock 
from the several settings of reduction 1 were bolted as shown in the 
flow sheet. 

The same procedure was followed in reducing the middlings from 
the various sieves after reduction 1, each separation being ground at 
a different roll setting. This procedure corresponds to commercial 
practice, where an effort is made to grind middlings of similar size in 
each reduction. When the end of the system was approached at 
reduction 7 the material on 54 GG was designated as “fine shorts * 9 



FLOUR 


Fig. 2. Flow sheet used with the micro mill 


and discarded. Milling was continued until the material on 10XX 
matched in color and speekinoss a standard sample of low-grade flour. 
In the case of some varieties an additional reduction was found 
necessary to obtain satisfactory results. 

The flow sheet used with the micro mill method is very similar, as 
shown in Figure 2. Minor changes were made in some of the scalping 
sieves and an 8 XX sieve was used throughout in place of 72 GG. 
The technique employed, however, was identical with that used with 
the Allis-Chalmers mill with the exception that in the latter reductions 
a definite uniform roll setting was required owing to the limited amount 
of stock. The long-patent flour produced on the two mills represented 
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approximately 95% extraction of the total flour and was used for 
chemical and baking studies. In the second series of millings less 
pressure was used on the micro rolls with the aim of reducing the yield 
and producing a lower ash flour that would compare more favorably 
with that obtained on the Allis mill. The results were rather en¬ 
couraging, and a further study of the comparative performance of the 
two mills was undertaken, employing different wheats in lieu of 
replicates of the same wheat. 

The two sets of long-patent flours were baked by a 25 g micro 
baking method to enable a comparison to be made regarding their 
loaf volume and crumb color score. The Allis flours were also baked 
by a 100 g method to have a comparison between Allis flours baked in 
the usual manner and micro-milled and micro-baked flours from the 
same wheats. The malt-phosphate-bromate formula was employed 
with 5% sucrose (Harris 1939). A 3-hour fermentation period was 
used. The 25 g flour doughs were mixed in a Hobart mixer, using 
special dough hooks, while the 100 g flour doughs were mixed in the 
Hobart-Swanson mixer. 

Results and Discussion 

The data secured from the initial experiment will not be presented. 
It was found that the micro mill gave significantly higher yields of 
long-patent and total flour, but a lower yield of low-grade. The ash 
content of the micro flours was significantly higher, and the moisture 
content lower. These results agree, save for flour yield, with the 
work of Harris and Sanderson (1939). 

The data for the second series of millings are summarized by the 
statistical constants shown in Table I. The flour yields for the two 
mills compared very favorably; the means and standard deviations are 
not statistically different. Flour ash was still significantly higher for 
the micro mill, though there was less difference between the means 
than in the initial series. The micro mill flour ash was somewhat more 
variable than the Allis, as might be expected. 

No significant differences in mean loaf volume and variance were 
found. Crumb color scores were also included in the statistical treat¬ 
ment, although color measurement is a subjective determination. 
There was less agreement between milling methods in regard to color 
than in loaf volume, the micro flour showing greater color score 
variability. 

Correlation coefficients showing the relationships between the two 
sets of mijlings in terms of the values studied are given in Table II. 
Flour yields are highly correlated. Allis flour yield can be predicted 
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from micro flour yield by use of the regression formula; Allis flour 
yield = 7.44 + 0.90 x micro flour yield. The correlation between the 
two series of ash contents is high, and wheat that yields a distinctly high 
ash flour with the micro mill would tend to give high values by the Allis 
method. Coefficients between test weight per bushel and flour yield 
were very significant, and not significantly different in magnitude 
between the mills. Baking results from the two sets of flours were 
significantly correlated, and showed that flours tend to give much the 
same baking results regardless of whether they are milled on the Allis 

TABLE II 


Correlation Coefficients Computed from the Data of Series 2 Millings 
(Value of r zv at 5% point = 0.371) 


Variables correlated 

X Y 

Correlation 

coefficient 

Allis long-patent flour % 

Micro long-patent flour % 

+0.938 

Allis low-grade flour % 

Micro low-grade flour % 

+0.793 

Allis total flour % 

Micro total flour % 

4-0.852 

Allis long-patent flour ash % 

Micro long-patent flour ash % 

+0.756 

Test weight lb/bu 

Allis total flour % 

+0.750 

Test weight lb/bu 

Micro total flour % 

4-0.800 

Allis long-patent flour loaf 
volume cc 

Micro long-patent flour loaf 
volume cc 

+0.887 

Allis long-patent flour crumb 
color 

Allis long-patent flour 100 g 
loaf volume cc 

Micro long-patent flour crumb 
color 

Micro long-patent flour 25 g 
loaf volume cc 

4-0.833 

4-0.835 

Allis long-patent flour 100 g 
crumb color 

Micro long-patent flour 25 g 
crumb color 

-f-0.688 

Wheat protein % 

Allis long-patent flour loaf 
volume (100 g) cc 

40.689 

Wheat protein % 

Allis long-patent flour loaf 
volume (25 g) cc 

+0.588 

Wheat protein % 

Micro long-patent flour loaf 
volume (25 g) cc 

+0.627 


or micro mills. Loaf volume also tended to increase with wheat- 
protein content. 

A higher relatiohship in baking strength between Allis- and micro- 
milled flour was found than in the work reported by Harris and 
Sanderson (1939), and in the present investigation a significant correla¬ 
tion for flour ash was shown, as contrasted with the previous findings. 
These results are in essential agreement with the conclusions of Geddes 
and Aitken (1935), and confirm the confidence placed in micro milling 
and baking methods. 


Summary and Conclusions 

A comparative study was made of milling yields, flour ash, loaf 
volume, and crumb color obtained from two series of hard red spring 
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wheat millings on the Allis-Chalmers and micro experimental mills. 
The millings were'conducted in a laboratory with temperature and hu¬ 
midity control. 

The first series comprised 25 replicate millings of one wheat on 
each mill. The micro mill gave higher yields of long-patent and total 
Hour than the Allis mill. Flour ash was higher in the micro-milled 
flours, and the moisture content lower. 

In the second series, 30 samples of different hard red spring wheat 
varieties were milled on the two mills. Less pressure was employed 
on the micro reduction rolls than in the first series with the result that 
flour yields and flour ash contents were in better agreement. No 
significant differences in flour yield were found between milling methods 
but micro flour ash, though reduced, was still higher than the Allis 
values. 

High positive correlations were found for flour yields, flour ash, and 
loaf volumes between the two mills. As pointed out by other workers, 
a fairly reliable knowledge of milling and baking performance may be 
secured by micro milling and baking tests. 
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FACTORS INFLUENCING THE PEARLING TEST FOR 
KERNEL HARDNESS IN WHEAT 1 


Max E. McCluggage 2 

(Received for publication March 22, 1943) 

Testing wheat for kernel hardness dates back almost to the begin¬ 
ning of milling. In early milling literature, the primitive test of chew¬ 
ing the wheat was described as a method of determining kernel hard¬ 
ness. One of the leaders in the movement to improvise more satis¬ 
factory tests for this characteristic was the Kansas Agricultural Ex¬ 
periment Station. Roberts (1910) developed a testing machine in 
which the wheat kernel was crushed by weighting an arm with an in¬ 
creasing load. The weight required to crush the wheat kernel was 
taken as an index of the kernel hardness. Unfortunately, this test was 
tedious, as a large number of kernels of each sample of wheat had to be 
tested in order to obtain reliable results, and because of the time re¬ 
quired it was never used for large-scale testing. 

The test developed at the Kansas Station was modified in Russia 
and other European countries by redesigning the equipment, according 
to Jelinek (1927), so that several kernels could be tested at once. 
Jelinek also reported results obtained by determining the cutting 
resistance of the kernels. He found a good relationship between the 
kernel hardness and the yield of total flour. 

The pearling test for the determination of kernel hardness of wheat 
was developed by Taylor, Bayles, and Fifield (1939). In their work 
they adopted a procedure for making the test and proceeded to evalu¬ 
ate wheat varieties grown under different environments. 

The pearling test is an adaptation of a test used by federal grain 
supervisors in grading barley for malting purposes. Essentially it 
consists of placing a weighed amount of wheat in a barley pearler, 
which is merely a carborundum wheel running in a closed case. After 
the machine has been run for a definite length of time, the pearled 
wheat is removed from the machine and weighed. It has been found 
that the harder the wheat kernel the less the amount of material re¬ 
moved in pearling. This test is rapid and accurate and requires little 
material. 

The work reported in this paper deals with two phases of the pearl¬ 
ing problem: The first part is a study of the pearling test as made under 

1 Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of Plant Indus¬ 
try, Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. Department of 
Agriculture, and the agricultural experiment stations of the Great Plains region. Department of 
Milling Industry* Kansas Agricultural Experiment Station, contribution No. 81. 

* Formerly agent, Division of Cereal Crops and Diseases. The writer acknowledges the assistance 
of Willard H. Meinecke, who performed the details of the experimental work described in this paper 
and assisted in designing many of the experiments reported. 
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various conditions; the second part is a presentation of an accumulation 
of data on kernel hardness for varieties of hard red winter wheat grown 
in the southern Great Plains in 1938, 1939, and 1940 and tested by the 
pearling technique developed as the result of the experiments described 
in the first part. 


Material and Methods 

The following equipment was used in the work reported herein: 
Strong-Scott barley pearler, model 38 without timer, equipped with a 
No. 30 grit stone; Cenco triple-beam balance sensitive to 1 eg; stop 
watch; one sieve covered with No. 20 wire. To provide the various 
speeds required in a part of the study, the pearler was driven by a belt 
and a variable-pitch pulley. Wherever the standard speed (1,725 
rpm) was used the motor was connected directly to the drive shaft of 
the pearler. For most of the work the pearler was equipped with a 
10-mesh wire screen made of wire 0.041 inch in diameter, Tyler code 
“Fijor.” In one experiment this screen was replaced with a metal 
blank with two rows of holes punched along the edges. 

The basic technique used in these studies was as follows: (1) Each 
charge (20 g) of the cleaned, unsized wheat was mixed thoroughly. 
(2) The charge was placed in the machine with the stone running at 
full speed; 60 seconds later the slide outlet was opened; and 10 seconds 
later the motor was stopped. (3) The pearled wheat was sifted over 
the 20-wire screen to remove dust and powdered material. The weight 
of the material remaining on the screen was recorded as the weight of 
pearled wheat. 

In several experiments some of these details were varied because of 
the factor being studied. These variations will be indicated in the 
discussion of the results. 

The effects of the following factors on pearling were studied: (1) 
temperature of the wheat and the pearler, (2) sifting of the pearled 
wheat, (3) speed of the stone and the length of the pearling time. J^) 
size of the charge, (5) the screen used in the pearler; and (6) moisture 
content of the wheat. Finally, the reliability of the pearling test was 
shown by comparing the results obtained in different laboratories on 
check samples. 

Effect of Temperature of Wheat and Pearer 

In this experiment the basic technique was used. Two samples of 
wheat were pearled under three sets of conditions: (J 'wheat and pearler 
at room temperature, (2) pearler at room temperate and the wheat at 
low temperature (approximately 50° F), and W the wheat and the 
pearler at low temperature. Ten replicate^^each of the samples 
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were pearled under each of the conditions mentioned. The data are 
summarized in Table I. 

The implication of the data in Table I is that the pearling test is not 
sensitive to wide ranges in temperature. This means that no elaborate 
system of temperature control is required to reproduce the same pearl - 

TABLE I 

Effect of Temperature of Wheat and Machine Upon the 
Amount of Wheat Pearled Off 


Wheat pearled off with— 


Item 

Wheat and 
machine 
at room 
temperature 

Wheat cold 1 
and machine 
at room 
temperature 

Wheat 

and 

machine 

cold 1 


% 

% 

% 

Sample No. 39920: 




Lowest value 

36.2 

35.6 

34.9 

Highest value 

35 1 

34.9 

33.4 

Range 

1.1 

.7 

1.5 

Mean 

35.7 dr .1 

35.3 dr.1 

34.2 db 2 

Sample No. 39910: 




Lowest value 

43.0 

42.4 

40.1 

Highest value 

41.3 

41.4 

39.6 

Range 

1.7 

1.0 

.5 

Mean 

42.2 dr .2 

41.9 dr .1 

39.9 rb 05 

Mean difference between samples 

6.5 

66 

5.7 


1 Approximately 50°F. 


ing results from day to day and that the ordinary variations of room 
temperature should have little effect upon the results obtained. 

Effect of Sifting the Pearled Wheat 

It was suggested that time and effort would be saved if the sifting 
of the pearled wheat over the 20-wire screen were omitted from the 
techniqu In an experiment 21 subsamples of each of two varieties of 
wheat wei pearled by the regular procedure, except that the pearled 
wheat was eighed before and after sifting on the 20-wire screen. The 
pertinent dai obtained are presented in Table II. 

Sifting thoearled wheat slightly increased the standard deviation 
for one varietyind reduced it for the other. The difference between 
varieties was suctantially the same in both cases. General experience 
with the pearlingest indicates that there is less difficulty in obtaining 
weights that chec from the various replications when the pearled 
wheat is sifted. Tb is an indication that sifting increases the accu¬ 
racy of the pearling ipt. 
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TABLE II 

Effect of Sifting Pearled Wheat Upon Accuracy of Pearling Test 


Sample 

Wheat 

pearled 

off 

Standard 

deviation 

Coefficient 
% of 

variation 

t 


% 

% 



Unsifted Chiefkan 

36.8 

±.46 

1.25 

— 

Unsifted Denton 

61.2 

±.71 

1.16 

— 

Difference 

24.4 

±.60 

— 

40.67 

Sifted Chiefkan 

37.8 

±.48 

1.27 

_ 

Sifted Denton 

62.3 

±.62 

.99 

— 

Difference 

24 5 

±.55 


44.54 


Effect of Speed of Stone and Length of Pearling 

The material used for this study consisted of five varieties of wheat; 
three of these covered the range of hardness ordinarily found in hard 
winter wheats, and the other two covered the range of hardness com¬ 
mon with soft winter wheats. 

The stone of the pearler was driven by a belt and an adjustable- 

TABLE III 

Percentage of Wheat Pearled Off After 1 , 2, and 3 Minutes with 
the Pearler Running at 1,725, 1,500, and 1,300 rpm 


Wheat pearled off in indicated time (minutes) 


Rate of speed and variety 

l 

2 

3 


O' 

/ V 

% 

% 

1,725 rpm: 

Chief kdn 

35.1 

61.3 

79.2 

Kharkof 

36.5 

64.0 

83.0 

Blackhull 

46.2 

77.0 

92.0 

Trumbull 

56.6 

87.5 

« 

Dawson 

61.5 

90.0 

p) 

Mean 

47.2 ± .01 

75.6 ±.015 

Range 

26.4 

28.7 

— 

1,500 rpm: 

Chiefkan 

21.5 

39.2 

51.5 

Kharkof 

21.3 

39.6 

55.4 

Blackhull 

26.0 

48.7 

65.7 

Trumbull 

32.2 

59.8 

78.0 

Dawson 

33.8 

63.5 

80.5 

Mean 

27.0 ± .005 

50.2 ± .01 

66.2 ±.01 

Range 

12.3 

24.3 

29.0 

1,300 rpm: 

Chiefkan 

13.1 

24.7 

35.8 

Kharkof 

13.4 

26.3 

37.1 

Blackhull 

16.0 

31.6 

46.5 

Trumbull 

19.3 

39.8 

56.1 

Dawson 

21.0 

42.6 

59.3 

Mean 

16.7 ± .005 

33.0 ±.015 

47.0 ± .01 

Range 

7.9 

17.9 

23.5 


1 The amount pearled off was so great that no accurate determination could be made. 








Fig. 1. Effect of speed of btone and time of pearling upon amount of wheat pearled off. 


different speeds (1,725, 1,500, and 1,300 rpm) by pearling for 1, 2, and 
3 minutes, respectively. Therefore, each of the five varieties was 
pearled under each of the nine possible combinations of srveed and time. 
Fifteen replicate determinations were made for each variety under each 
set of conditions. 
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It is evident from Table III and from Figure 1, in which the data are 
plotted, that each combination of conditions (speed and time) gave a 
different level of results. The errors for the different means were 
approximately the same, however, indicating that the accuracy of the 
results was nearly the same whichever set of conditions was used. 

The curves depart slightly from linearity, especially those for the 
higher speeds, owing, no doubt, to the fact that, with high speed and 
with 2 and 3 minutes* pearling, the proportion pearled off is very large 
and there is only a small quantity left. This suggests that combina¬ 
tions of speed and time should be so chosen that the amount pearled off 
will not be excessive. It will also be noted that the slopes of the curves 
are greatest for the high speeds and least for the low speeds, indicating 
that inaccurate timing would cause greater errors in pearling at high 
than at low speeds. 

It would appear that there is no fundamental reason why different 
laboratories employing slightly different techniques (regarding speed 
and time) should not be able to obtain the same relative results, if not 
the identical values. Since there is apparently a wide latitude in the 
selection of speed and time, it would seem advisable to select conditions 
that are readily obtainable. The time interval is no problem, as it can 
be easily measured by means of a stop watch. The selection of the 
proper speed resolves itself into the selection of either a standard-speed 
motor or of driving the pearler through a system of pulleys and belts 
so that the proper speed is obtained. As was demonstrated in this 
experiment, a standard-speed motor (1,725 rpm) gives entirely satis¬ 
factory results. In view of these considerations, it seems best to recom¬ 
mend a speed of 1,725 rpm, with a pearling time of 1 minute when used 
with a stop watch and the proper screen as outlined elsewhere in this 
paper. 

Effect of Size of Charge 

In the experiment designed to determine the relation between the 
size of the charge and pearling, Kharkof, Blackhull, and Dawson wheats 

TABLE IV 

Effect of Amount of Wheat Used on Amount Pearled Off 


Wheat of indicated variety pearled off 

Charge * Dawson Blackhull Kharkof 


i 

% 

% 

% 

20 

56.7 

43.6 

35.3 

18 

60.4 

46.2 

36.5 

16 

63.5 

48.5 

38.7 

14 

66.1 

50.9 

42.0 

12 

69.4 

53.9 

43.9 

10 

71.8 

57.3 

47.6 
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were pearled under charges of 10, 12, 14, 16, 18, and 20 g. Five repli¬ 
cate determinations were made for each variety with each charge. 
The averages are presented in Table IV. 

These data are plotted graphically in Figure 2. As can be seen from 



F*g 2. Effect of si7e of charge upon amount of wheat pearled off. 


this figure the amount pearled off is quite different for each charge, 
although differences between varieties for any given charge are sub¬ 
stantially the same. It would appear, therefore, that a standard pro¬ 
cedure should be adopted; otherwise the charge used for any test must 
be specified. 




Nov., 1943 


MAX E. McCLUGGAGE 


693 


Effect of Screen 

The pearling machine as purchased was equipped with a screen 
having 8 meshes to the inch. It was discovered that this allowed parts 
of the wheat kernel to pass through, thereby introducing errors. The 
machine was then equipped with a 10-mesh screen made of wire 0.041 
inch in diameter, Tyler code “Fijor.” This is referred to in this paper 
as the regular screen. 

It was questioned whether the revolving stone or the screen did 
most of the work. Therefore, the screen was removed and replaced 
with a plain piece of sheet metal. This proved unsatisfactory as there 
was no place for the ground material to escape and the results were 
very erratic. A series of re-inch holes was then drilled in the blank 
near each edge and it was found that these holes allowed the ground 


TABLE V 

Effect of Screen on Pearling Resulis 


Screen and tune 

Wheat of indicated vauety pearled off 

of pearling - 

(minutes) 

Chiefkan Blackhull Dawson 



% 

% 

% 

Regularbciecu (10-mesh): 

1 

35.1 

46.7 

61.5 

2 

61.3 

77.0 

87.5 

3 

79.1 

92.0 

— 

Blank screen: 

1 

8.4 

9.4 

10.9 

2 

14.7 

18 6 

20.7 

3 

20.4 

25.8 

30.9 


material to escape and the results obtained were fairly accurate. This 
is the blank referred to in the following experiment. 

Samples of Chiefkan, Blackhull, and Dawson wheat were pearled 
for 1, 2, and 3 minutes with the machine equipped alternately with the 
regular screen and the blank. These tests were replicated and the 
averages are tabulated in Table V. 

From the data in Table V it is ob/ious that the greater part of the 
grinding action is by the screen rather than the stone. T his makes it 
imperative that a new screen be placed in the pearler from time to time, 
if comparable results are to be obtained over relatively long periods. 
The fact that some grinding was taking place with the blank screen 
indicates that part of the work is done by the stone. It, too, should be 
replaced whenever it appears that it is worn appreciably. While it is 
practically impossible to determine how much error is being caused 
by worn screens or stones, it is possible to prevent the error, whatever 
its magnitude, by merely installing a new screen and stone from time 
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to time. It is pertinent to note that these varieties are ranked in the 
same order regardless of which screen is used. 

Effect of Moisture Content of Hard Red Winter Wheat 

It has been suggested that the moisture content of wheat might 
have some effect upon pearling results. To determine whether this 
is the case, six varieties of hard red winter wheat from two experiment 
stations were used. Each sample was subdivided into nine portions. 
Some of these were dried by means of warm air until they contained 
less than the original moisture content; the moisture content of others 
was increased by exposure to water vapor. As a result of these opera¬ 
tions, a series of samples of each variety was obtained containing mois¬ 
ture covering the range of 7 to 15%. After a week these samples were 

TABLE VI 

Effect of Varying Moisture Content of Wheat Upon 
Percentage of Wheat Pearled Off 


Variety or 


Wheat (%) of indicated moisture content (%) pearled off 


station 

7% | 

8% 

9% 

10% 

11% 1 

12% 

13% 

14% 

15% 

Av 

Kharkof 

32.7 

30.0 

32.7 

30.5 

31.0 1 

31.0 

32.0 

31.8 

33.2 

31.7 

Blackhull 

40.2 

38.0 

40.0 

42.2 

37.7 

37.5 

39.2 

38.0 

38.0 

39.0 

Tenmarq 

31.5 

32.5 

34.0 

32.7 

32.3 

32.0 

30.7 

34.0 

32.3 

32.4 

Pawnee 

37.2 

38.2 

37.7 

37.0 

34.7 

36.5 

35.5 

38 2 

37.0 

36.9 

Comanche 

35.5 

35.5 

36.2 

37.2 

34.2 

36 5 

37.7 

38.5 

37.2 

36.5 

Chiefkan 

37.7 

33.2 

35.5 

34.5 

33.0 

36.0 

36.2 

38.0 

35.2 

35.5 

Average 

35.8 

34.6 

36.0 

35.7 

33.8 

34.9 

35.2 

36 4 

35.5 


Hays, Kans. 

37.0 

35.2 

36 5 

37.5 

33.7 

j 35.2 

36.0 

37.5 

37.3 

36.4 

Lincoln, Nebr. 

34.8 

33.8 

35.5 

34.0 

33.5 

' 34.8 

35.3 

35.3 

33.5 

34.5 


pearled by the basic procedure. The averages of the percentage 
pearled off are presented in Table VI. 

The coefficient of correlation between the moisture content of the 
wheat and the percentage pearled off was found to be +.029. There 
was considerable variation in the percentages pearled off. In an effort 
to learn the reasons for these variations the data were subjected to an 
analysis of variance. The summary of this analysis is presented in 
Table VII. It is apparent that the variances in the percentages 
pearled off were caused by the variety and the station at which the 
sample was grown and that the moisture content had very little effect. 
While there is some interaction between the variety and station (the 
varieties are not equally hard at both stations), there was no interaction 
between either the station or the variety and the moisture content of 
the wheat. On the basis of these data it can be assumed that varia- 
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TABLE VII 

Analysis of Variance of Data Shown in Table VI 


Cause of variance 

Degrees of 
freedom 

Mean 

square 

F 

Variety 

5 

28.75 

26.13** 

Station 

1 

17.10 

15.55** 

Moisture content 

8 

1.90 

1.73 

First-order error 

93 

1.10 

— 

Variety X station 

5 

10.50 

16.15** 

Variety X moisture 

40 

.45 

.69 

Station X moisture 

8 

.90 

1.38 

Second-order error 

40 

.65 

— 

Total 

107 

— 

— 


** Highly significant. 

tions in moisture content of the hard red winter wheat within the limits 
of this study have little or no influence on the percentage pearled off. 


Results Obtained by Different Laboratories with Check Samples 


To determine the abili ty to check results, four different laboratories * 
collaborated in testing a series of samples. Laboratory B used an old- 
style pearler, while the other three laboratories used the model 38 
pearler. Five varieties of wheat were used for the study. All the 
samples were submitted under code number without any information 
as to their nature. The experiment was divided into three parts. 
(1) The samples numbered 1 to 10 (two of each variety) were to be run 
by the regular procedure in use at the laboratory where the determina¬ 
tion was to be made. (2) The laboratory was to adjust its time of 
pearling (and speed, if necessary) until it obtained 12.3 g of pearled 
wheat from a standard sample (so marked) provided for that purpose. 
(3) Using the time as determined by the standard sample the labora¬ 
tory was to run the samples numbered from 11 to 20 (two of each 
variety). A detailed outline of the procedure for running the samples, 
which was essentially the same as the basic technique described herein, 
was furnished with the samples. The averaged data obtained in this 
study are presented in Table VIII. 

Two outstanding implications are suggested by these data. First 
and most important is that all the laboratories, using their own tech¬ 
niques, obtained essentially the same ranking of the samples, even 
though the weights of pearled wheat varied considerably. The other 
implication is that by standardizing their technique on the basis of 
the amount of wheat pearled off of the same sample, all the laboratories 
not only obtained the same rankings of the varieties but also had nearly 


- * Acknowledgment is made of the cooperation of C. C. Fifield, V. H. Morris, and K. S. Quisenberry, 
of the Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils and Agricultural 
Engineering, and Dale Weibel, of the Nebraska Agricultural Experiment Station, in making this col¬ 
laborative study. 





696 PEARLING TEST FOR KERNEL HARDNESS IN WHEAT Vd. 20 


the same over-all range and average weights of pearled wheat. The 
differences for the latter between laboratories for any one sample were 
within the limits of experimental error. These facts are further 
brought out by the coefficients of correlation shown in Table IX. 

TABLE VIII 

Percentage of Wheat Pearled Off in 4 Different Laboratories 


Wheat pearled off, under indicated pearling time 
and speed of stone, at laboratory— 


Variety 

Sample 

No 

A 

B 

C 

D 



1 minute; 
1,725 rpm 

2 minutes, 
1,725 rpm 

3^ minutes; 
1,215 rpm 

1 M minutes; 
1,725 rpm 


REGULAR PROCEDURE 



1 

% 

% 

% 

% 

Chiefkan 


r 3 

l 4 

32.6 

32.5 

24.4 

24.5 

23.5 

23.7 

32.9 

32.6 

Kharkof 

< 

f 5 

UO 

33.8 

33.7 

25.3 

24.6 

25.5 

25.6 

34.3 

34.5 

Blackhull 

< 

r 2 

l 6 

41.3 

41.0 

30.3 

30.4 

29.3 

29.7 

40.7 

41.3 

Trumbull 


r 1 

l 8 

53.5 

53.8 

37.8 

36.7 

38.7 

39.8 

53.5 

53.3 

Dawson 

< 

f 7 

10 

56.7 

56.5 

38.9 

38.7 

40.6 

40.7 

56.8 

56.6 

Mean 


43.5 

31.2 

31.7 

43.7 

Range 


24.2 

14.5 

17.2 

24.2 

Variety 

Sample 

1 minute; 

3 minutes, 

IH minutes; 

1 l i minutes, 

No. 

1,725 rpm 

1,725 rpm 

1,745 rpm 

1,725 rpm 


PEARLING TIME AND 

SPEED ADJUSTED 


Chiefkan 

1 

fl5 

[20 

32.4 

32.5 

33.6 

34.1 

33.7 

34.8 

31.2 

32.3 

Kharkof 

I 

ri 2 

J9 

33.6 

33.7 

35.9 

35.5 

35.8 

35.8 

33.6 

34.8 

Blackhull 

I 

r n 

[16 

41.3 

41.2 

42.6 

43.5 

42.8 

43.4 * 

41.8 

40.5 

Trumbull 

\ 

'14 

,17 

53.5 

53.5 

53.3 

55.0 

53.2 

52.9 

51.0 

52.4 

Dawson 

\ 

r 13 
[18 

56.8 

56.8 

54.7 

55.6 

56.1 

56.6 

54.8 

57.4 

Mean 


43.5 

44.4 

44.5 

43.0 

‘ Range 


24.1 

22.0 

22.9 

26.2 
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TABLE IX 

Coefficient of Correlation and Regression between Data Obtained at 
Different Laboratories and at the Same Laboratory by Different 

Techniques 


Factors correlated 

Coefficient of 
correlation, r 

Coefficient of 
regression, b 

Regular technique: 

Between laboratories— 

A and B 

+ .998 

+ .600 

A and C 

.998 

.698 

A and D 

.999 

.979 

B and C 

.990 

.850 

B and D 

.996 

1.622 

C and C 

.995 

1.382 

Standardized technique: 

Between laboratories— 

A and B 

.985 

.871 

A and C 

.988 

.874 

A and D 

.984 

.932 

B and C 

.986 

.881 

B and D 

.999 

1.071 

C and D 

.997 

1.070 

Between regular and standardized 
techniques: Laboratory— 

A 

.989 

1 004 

B 

.995 

1.485 

C 

.994 

1.266 

D 

.994 

.978 


These coefficients of correlation and regression are further proof that 
the laboratories obtained essentially the same results on the samples 
studied. It appears, therefore, that the technique of different labora¬ 
tories can be so adjusted as to obtain essentially the same results. 

Proposed Standard Technique 

The following is a proposed standard technique, based on the ex¬ 
periments reported in this paper and upon laboratory experience with 
the pearling test over a period of more than three years: 

Equipment. 

1. Strong-Scott barley pearler, model 38, equipped with a No. 30 grit stone, a 
10-mesh screen of wire 0.041 inch in diameter (Tyler code Fijor) and driven 
at a speed of 1,725 rpm. 

2. Stop watch or other timer of equivalent accuracy. (Interval timers of the 
current-interrupting type have been found unsuitable.) 

3. Balance sensitive to 1 eg. 

4. Sieve covered with No. 20 wire. 

Methods. 

L Each charge (20 g) is weighed from cleaned, unsized wheat that has been 
thoroughly mixed. 

2. The charge is placed in the machine with the stone running at full speed; 
60 seconds later the slide outlet is opened; and 10 seconds later the motor is 
stopped. 
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3. The pearled wheat is sifted over the 20-wire screen to remove dust and 
powdered material. The weight of the material remaining on the screen is 
recorded as the weight of pearled wheat. 

Results. 

1. Triplicate determinations should be made on each sample. These replicates 
should be averaged and the results expressed as the percentage of the original 
sample removed in pearling (percentage pearled off). 


Pearling Data for Varieties of Hard Red Winter Wheat in 
1938, 1939, and 1940 

The relative effects of variety and environment on kernel hardness 
of the grain as measured by the pearling test are illustrated by data for 
six varieties of wheat grown at five stations in the southern Great 
Plains in 1938, 1939, and 1940, as shown in Table X. Since the supply 
of grain was limited in some cases, only two determinations, instead of 
three, as recommended, were made of each lot. Otherwise the tech- 

TABLE X 

Effect of Environment, Variety, and Crop Year Upon Percentage 
of Wheat Pearled Off 


Wheat pearled off at— 


Variety and crop year 

Amarillo, 

Tex. 



Hays, 

Kans. 

Lincoln, 

Nebr. 

Average 

Kharkof: 







1938 

33.0 

23.5 

39.5 

30.0 

29.0 


1939 

36.5 

35 0 

35.0 

34.5 

34.5 

► 32.9 

1940 

34.0 

30.0 

38.0 

30.5 

30.5 


Blackhull: 







1938 

41.5 

38.0 

45.5 

34.0 

42.5 


1939 

42.5 

41.5 

42.0 

39.5 

39.0 

| 40.7 

1940 

39.5 

41.0 

50.0 

39.5 

34.5 


Tenmarq: 




34.5 



1938 

31.0 

32.5 

35.0 

30.0 

1 

1939 

31.5 

37.0 

42.5 

39.0 

37.0 

\ 36 0 

1940 

36.0 

42.5 

44.0 

35.0 

33.0 

J 

Pawnee: 







1938 

35.5 

35.0 

35.5 

35.5 

33.0 


1939 

40.5 

41.0 

41.5 

35.0 

36.0 

• 36.6 

1940 

36.5 

38.0 

38.5 

35.0 

32.5 


Comanche: 







1938 

36.0 

37.0 

36.5 

34.5 

37.5 


1939 

35.5 

36.0 

41.5 

36.5 

31.5 

36.3 

1940 

34.0 

35.5 

42.5 

35.0 

34.5 


Chief kan: 







1938 

30.5 

31.5 

33.5 

34.0 

31.0 

• 32.7 

1939 

34.5 

29.5 

35.0 

33.0 

31.5 

1940 

33.0 

31.0 

39.5 

31.0 

31.5 


Average 

35.6 

35.3 

i 

39.8 

34.8 

33.8 
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TABLE XI 

Analysis of Variance of Data Shown in Table X 


Cause of variance 

Degrees of 
freedom 

Mean square 

F 

Variety 

5 

25.90 

18.50** 

Station 

4 

18.70 

13.36** 

Year 

2 

8.60 

6.14** 

Error 

78 

1.40 

— 

Total 

89 

— 

— 


** Highly significant. 


nique was as described in the preceding section. These data were 
subjected to an analysis of variance (Table XI). 

The results of this analysis show that the most important influence 
on kernel hardness is the variet\. That is, the kernel hardness is a 
varietal characteristic but is modified to some extent by the growing 
conditions as represented by the crop year and the station at which the 
sample was grown. It will be observed (Table X) that some varieties 
tended to vary less at the different stations in the same and different 
years than did other varieties. This tolerance to changing growing 
conditions may be a desirable characteristic to be considered in develop¬ 
ing new wheat varieties. It will be observed, too, that at certain sta¬ 
tions there tended to be less difference between the varieties. This 
may be an indication that under those growing conditions the choice 
of variety is unimportant as far as it may affect the kernel hardness of 
the resulting crop. 

The results would seem to justify the conclusion that the pearling 
test measures a physical characteristic that is a varietal function and 
that it should be useful in classifying and studying varieties of wheat, 
especially from the plant breeder’s viewpoint. 

Summary and Conclusions 

In a study of various factors thought to affect the pearling test for 
kernel hardness in wheat, it was found that the amount of wheat pearled 
off was not materially affected by normal variations in temperature 
nor by the moisture content of the wheat within the limits studied, 
i.e., 7 to 15%. Sifting the pearled wheat over a 20-wire screen slightly 
increased the standard deviation in one case and decreased it in an¬ 
other, although general experience has indicated some improvement in 
accuracy by sifting. The size of the charge greatly affected the amount 
of wheat pearled off though not the relative differences between 
varieties. 

By substituting a blank for the regular screen, it was determined 
that most of the grinding is done by the screen. It appears, therefore, 
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that both screen and stone should be replaced from time to time if 
consistent results are to be expected. 

By adjusting the time of pearling, it was found that essentially 
the same results could be secured with speeds of 1,725, 1,520, and 1,300 
rpm. In a collaboration study with three other laboratories, involving 
five varieties of wheat, it was found possible to obtain substantially the 
same results at all laboratories by adjusting the speed and time of 
pearling on the basis of the amount of wheat pearled off of a standard 
sample of wheat supplied for the purpose. 

The following standard procedure is recommended. A 20-g charge 
of cleaned unsized wheat, is pearled for 1 minute at a speed of 1,725 
rpm and is sifted over a 20-wire screen in accordance with details 
previously specified. 

In a study of six varieties of hard red winter wheat grown at five 
stations in the southern Great Plains in each of three years, it was 
found that kernel hardness, as measured by the pearling test, is deter¬ 
mined mostly by variety but also to a considerable extent by the en¬ 
vironmental factors of location and year of growth. 
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A NOTE ON THE DAMAGE TO WHEAT CAUSED BY 
THE INDIAN MEAL MOTH 1 

T. R. Aitken 

Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 

(Received for publication May 29, 1943) 

The necessity for storing large quantities of wheat in bulk for long 
periods has created new problems on the North American continent. 
Among these, the control of insect infestation and the grading of grain 
damaged by insects are important. An opportunity recently arose 
for examining the effect on wheat quality of the damage caused by the 
larvae of the Indian meal moth (Plodia interpunctella Hbn.). These 

1 Published as Paper No. 62 of the Grain Research Laboratory, and as No. 215 of the Associate 

f'nmmlttfts nrt flraln RMMrrh 



Nov., 1943 


T. R. AITKEN 


701 


larvae confine their feeding to the germ portion of the kernel and 
remove it entirely. As the literature contains no specific data on this 
matter, it seemed worth while to publish this short note. 

Two sets of paired samples, each consisting of degermed kernels 
and a corresponding lot of normal kernels, were available for study. 
The kernels were hand-picked from two samples taken from a large 
elevator annex. Records show that this annex contained One 
Northern wheat which had remained undisturbed for about two years, 
and that during the second summer of storage the surface layers suf¬ 
fered considerable damage from a heavy infestation of the Indian meal 
moth. 

Except for the lack of germ ends the kernels appeared quite normal, 
but the nature of the damage indicated that the yields of mill offals 
would be reduced. Ward (1943) states “the scutellum and epithelium 
layers are the centers of Bi concentration within the grain”; therefore, 
since these layers are probably removed by the insect along with the 
other embryo structures, a reduction might also be expected in the 
thiamine content of the flour. For these reasons special attention was 
paid to the yields of offals obtained in the experimental milling, and 
thiamine determinations were made on the flours in addition to 
making the customary chemical analyses. 

As corresponding samples gave similar results for all determina¬ 
tions, only the mean data are reported in Table I. Chemical data 
and flour absorptions are reported on a 13.5% moisture basis. Yellow 
pigment (expressed as carotene) was determined by the method of 
Binnington et al (1941), using water-saturated n-butyl alcohol as the 
solvent. Gassing power, expressed as ml total gas evolved, was 
determined with sugarless dough (25 g flour and 3% yeast) fermented 
at 30°C for 6 hours according to the Bailey-Johnson procedure (1924); 
and thiamine by the A.A.C.C. thiochrome method. Baking quality 
was determined by the malt-phosphate-bromate procedure as outlined 
by Aitken and Geddes (1934). 

As the proportion of endosperm to offal-producing material is 
higher in degermed than in normal kernels, the lower yields of mill 
offals and the higher yield of flour found for the degermed wheat is 
in accordance with expectation. Otherwise the milling characteristics 
of the two wheats were essentially the same. In protein content, 
differences Between the wheats, the bran, and the flours were small; 
but the values for the bran-chips, the shorts, and the feed flour were 
distinctly higher for the normal kernels. Moreover, the degermed 
wheat flour was lower in both ash and yellow pigment contents. As 
the germ is the kernel structure which is high in all of these properties, 
the lower values for the offals of the insect-damaged grain are a re- 
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TABLE I 

Quality Characteristics of Normal and Degermed Wheats 


Sample 

Normal 

Degermed 

Bushel weight, lb 

63.6 

62.2 

Milling yields: 

Bran, % 

14.6 

13.2 

Bran-chips, % 

3.5 

28 

Shorts, % 

4.7 

4.3 

Feed flour, % 

3.2 

3.4 

Long-patent, % 

71.0 

73.6 


Chemical data: 
Protein, % 


- * /V 

Wheat 

13.8 

13.4 

Bran 

15.4 

15.2 

Bran-chips 

18.4 

15.5 

Shorts 

16.6 

14.2 

Feed flour 

14.4 

13.1 

Long-patent 

13.0 

13.2 

Ash, % 

0.48 

0.43 

Yellow pigment, ppm 

2.27 

2.18 

Gassing power, ml 

258 

261 

Thiamine, Mg/g 

1.61 * 

0.47 

Baking data: 

Absorption, % 

60.4 

60.6 

Loaf volume, cc 

770 

700 

Crumb texture (10) 

7.0 

6.0 

Crumb color (10) 

7.5 

7.0 


flection of the removal of the germ by the insects. Gassing power 
was almost identical for both flours. 

The difference between the thiamine content of the flours is most 
striking, the values being 1.61 and 0.47 ixg per g (243 and 72 Inter¬ 
national Units per lb) for the normal and degermed samples respec¬ 
tively. This wide spread in thiamine content indicates quite clearly 
that the scutellum and epithelium—either wholly or in part—were 
also removed by the insects. It is also apparent from these data that 
a relatively low percentage of degermed kernels in the mill mixture 
would lower the thiamine content of the flour appreciably. This 
might be a matter of some concern to a mill making “ Canada Approved 
Flour” which must have a minimum thiamine content of 2.65 jug/g 
(400 I. U. per lb). 

Turning now to the baking data, we find that the degermed wheat 
gave a loaf which was definitely inferior to that of the normal wheat 
in all characteristics; the volume was reduced by almost 9%, and the 
crumb texture and crumb color were inferior. There were essentially 
no differences in either absorption or dough-handling properties. 

It is« difficult to account for the inferior baking quality of the 
degermed wheat, and no clear-cut explanation can be offered at the 
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present time. It is known, however, that the kernels were degermed 
last summer; hence their viability, or germinating power, was de¬ 
stroyed several months ago. This suggests a condition parallel to 
that found by Swanson (1938) who states: “If the viability is low it 
(wheat) has suffered some damage (to baking quality), somewhat in 
proportion to the loss of viability. If the wheat is dead, the damage 
may be considerable, but the deterioration does not stop when the 
wheat dies. Hence, how seriously it is damaged depends upon how 
long it has been dead.” This statement must also apply to degermed 
kernels, which are obviously “dead”; hence the quality of such wheat 
may be expected to decrease further with continued storage. 
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EFFECTS OF MOISTURE ON THE PHYSICAL AND OTHER 
PROPERTIES OF WHEAT. IV. EXPOSURE OF 
FIVE VARIETIES TO LIGHT RAINS 
DURING HARVEST 1 

C. O. Swanson 

Kansas Agricultural Experiment Station, Manhattan, Kansas 
(Received for publication April 8, 1943) 

The 1941 wheat harvest season was moderately dry al Manhattan, 
Kansas. Five small rains, which fell in the 46 days during which 
periodic cuttings of wheat were made, totaled less than one inch. 
Therefore the changes in the physical and other properties observed in 
wheat samples cut on different days and weeks during the 1941 harvest 
were the results of exposure to small rains, sunshine, and dews. 

The rainfall record at Manhattan during the three months in which 
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the 1941 studies were made is given in Table I, which shows that 
3.86 inches of rain fell during the period June 1 to 10. The last 0.76 
inch fell during the night before the first cutting was made (June 10). 
From that time until July 21, when the last cutting was made, only 
0.98 inch fell in five small rains. 

The first part of the 1941 harvest period was fairly dry in the 
greater part of the wheat area of Kansas, while the latter part was 
unusually wet. This gave opportunity to make comparative observa¬ 
tions on wheat samples which had been exposed only to slight rains 
or none at all and those which had been exposed to several rains 
(Swanson, 1943). The data obtained on those samples showed that 
the weathered samples, as compared with the nonweathered, had 
lower test weights and higher mealy percentages, but the flour yields 

TABLE I 

Rainfall at Manhattan, Kansas, Just Before and During the 1941 Wheat 
Harvest, and During Exposure in the Shock 


Date 

Inches 


Date 

'Inches 


June 1 

0.02 


July 27 

0.72 


6 

0.51 


30 

0.14 


7 

0.46 


Aug. 11 

1.90 


8 

1.23 


12 

0.07 


9 

0.88 


13 

0.06 

2.89 

10 

0.76 

3.86i 







18 

0.29 


11 

0.14 


24 

0.20 


13 

0.09 


26 

0.48 


July 2 

0.30 


Sept. 1 

0.16 


3 

0.32 


2 

0.99 


7 

0.13 

0.98* 

3 

0.06 



1 Before harvest started. 
* During entire harvest. 


were equally high and the baking values better. The results obtained 
from the samples harvested at Manhattan where the conditions were 
comparatively dry are presented in this paper. 

Reports of Previous Experiments 

A higher percentage of yellow berry, indicating a morQ mealy 
condition, was observed in samples cut Fast in the 1934 harvest; the 
moisture content of these samples was 13% as compared with the more 
vitreous condition of the samples cut earlier, when the moisture con¬ 
tents were higher (Swanson, 1936). The soaking of the wheat heads 
for 10 to 30 minutes had only small effects on test weights. Reported 
longer so&kings of wheat heads in the 1940 experiments progressively 
^decreased the test weights and the decrease was somewhat larger for 
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the samples dried in the shade than for the samples dried in the sun. 
Artificial wetting of the grain resulted in greater decrease in test 
weight than soaking the wheat heads (Swanson, 1941). The lowering 
of test weight was accompanied by an increase in the mealy condition 
and a decrease in the percentage of vitreous kernels. That the 
amounts or degrees of wetting had greater effects than did the duration 
or number of wettings has also been shown (Swanson, 1943). 

General Plan for the 1941 Harvesting Experiment 

Five varieties, Early Blackhull, Kanred, Tenmarq, Blackhull, and 
Chiefkan, all hard winter wheats, were included in the 1941 experi¬ 
ments. Early Blackhull, Kanred, and Tenmarq were cut at various 
stages of maturity from plots in the variety test field of the Department 
of Agronomy. The cuttings of each of these varieties were so timed 
that samples were obtained in the hard dough, hard flinty, and hard 
bleached stages. Early Blackhull was in the hard dough stage June 10 
and Kanred and Tenmarq were in that stage 6 days later. Two small 
cuttings each of Tenmarq and Chiefkan were obtained from the 
nursery plots. The first cutting of each of these varieties was made on 
June 24, at the hard dough stage, the last on July 21, representing 
maximum exposure. The 44 Master Plot” of the Kansas Wheat Im¬ 
provement Association afforded opportunity to cut three small bundles 
each of Blackhull, Chiefkan, and Tenmarq. Because of the ravages 
of birds, all these were cut June 21 at the hard dough stage. These 
bundles were divided into three groups for artificial wetting. Group 1 
was not wetted. Group 2 was wetted twice and Group 3, three times. 
The wetting was done towards evening by immersing the bundles, 
heads down, in large cans for about 3 hours, after which they were 
removed from the water. The following morning the bundles were 
dried in the sun before the next wetting. 

Because of the prevailing dry weather, it was thought advisable also 
to wet once by soaking the bundles of Early Blackhull, Kanred, and 
Tenmarq cut on July 21. After drying these were placed indoors 
until threshed. 

There was also cut on June 20 from the general field of Tenmarq 
located near the other plots, such amounts as to build four shocks of 
10 bundles each. This wheat was in prime condition for binder 
harvesting and was not exposed to any wetting by rain. Three of 
the shocks had two cap bundles each and the fourth was covered with 
water-proofed canvas. One of the bundle-capped shocks was put in 
the nursery shed on August IS after having been exposed to eight 
rains totaling 3.64 inches. The other three were left outdoors until 
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September 5, when all were threshed. These were exposed to six more 
rains or a total of 5.82 inches of moisture. 

Procedure in Testing 

The test weights were determined by the official method except 
for the small samples, for which the micro method was used (Swanson, 
1942). The grain grading was done by Martin Schuler of the Kansas 
City office of the Grain Inspection Department, using the figures for 
test weight as submitted. The internal texture characteristics were 
observed on the cut kernel sections obtained with a barley cutter and 
so counted that the figures obtained were in percentages, as in previous 
experiments (Swanson, 1941). The milling was done on a Buhler 
experimental mill, with a constant roll setting. The percentages of 
flour yield were calculated on the weight of samples before they were 
scoured. Ash determinations were made to check the milling results. 
The diastatic activity determination gave information on the effects 
of prolonged exposures to moisture. Since the results of baking 
tests are influenced by variety as well as by exposure to rain during 
harvest, only the Tenmarq samples were baked. 

Data Obtained 

The data, except those for baking, are given in Tables II and III. 
The figures for rainfall represent the total amount of rain (calculated 
from the data in Table I) to which the samples had been exposed be¬ 
tween the hard dough stage and cutting. The 0.23 inch and the 0.62 
inch each fell in two rains. The 0.75 inch fell in three and the total of 
0.98 inch fell in five light rains. Where no figures are given, the sample 
had received no rain from the hard dough stage until cut. The com¬ 
paratively large rains each day from June 6 to 10 seemed to have had 
no noticeable effect on the physical texture. 

Test weight: From the time of the first cutting until July 14, the 
decrease in test weight was 4.2 pounds for Early Blackhull, 3.4 pounds 
for Kanred, and 2.6 pounds for Tenmarq. A much larger decrease 
than this would be obtained for Tenmarq if the 61,8 pounds had been 
used as the first test weight, but as this is so much larger than the 
>other test weights obtained in connection with the shocks it seems that 
the 61.6-pound test weight sample was from wheat that was more 
plump than that from other parts of the field. This sample had about 
2% lower protein than the others. The Tenmarq sample cut in the 
Agronomy Nursery, which had been exposed to 0.84 inch, decreased 
4.3 pounds in test weight. The Chiefkan sample from the nursery 
showed no decrease. This may be due partly to field error, since the 
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last sample was cut some distance from the location of the first sample. 
Chiefkan, however, in several experiments has shown superior re¬ 
sistance to exposure. 

Effect of artificial wetting: There was probably only a little decrease 
in test weight due to exposure in the field of Early Blackhull, Kanred, 
and Tenmarq during the period July 14 to 21, since no rain fell and 
hence the decreases of 1.2 pounds for Early Blackhull, 0.2 for Kanred, 
and 0.9 for Tenmarq were the result of wetting by one soaking of the 
bundles in large cans for about three hours. 

The samples cut from the “Master Plot” showed the following 
decreases in test weight from the wetting treatment: Tenmarq, 3.2 
pounds from the two wettings and 4.0 from the three wettings; 
Chiefkan, 2.S pounds from the two wettings; Blackhull, 3.1 pounds 
from two wettings and 2.7 from three wettings. Since Blackhull was 
cut in several locations, the smaller decrease from three wettings as 
compared with two may be accounted for by differences in the samples. 

The decreases in test weight from exposure in shocks were much 
less than that which occurred in the field. The cap bundles were 
tied on and afforded good protection. It was observed that the straw, 
even in the bundle-capped shocks, had changed comparatively little. 
This is in contrast to the large changes which occurred in 1940 as a 
result of exposure to 5.16 inches of rain (Swanson, 1941), but those 
shocks were larger and less well protected. 

Effect of scouring on test weight: The data in Tables II and III 
show that all the test weights obtained on the scoured samples were 
larger than on the unscoured, indicating that the condition of the 
outside layers of the bran coat has a considerable influence on test 
weight. The looseness of the outside bran coat, which helps to de¬ 
crease the test weight, increased with the length of exposure. Thus 
the increase in pounds of test weight after scouring the first and last 
samples were: Early Blackhull 2.4 and 2.9; Kanred 3.2 and 4.4; 
Tenmarq 2.7 and 4.0. The decreases in test weight due to exposure 
follow the same general trend for the scoured samples as for the un¬ 
scoured and show that besides the loosening of the bran coat, the 
internal swelling is also a factor. That this swelling can take place 
without the soaking due to heavy rains is indicated. 

Wheat grades: A comparison of the grades with test weights shows 
that the test weights were the main determining factors in grading the 
samples, although other factors such as percentages of vitreousness 
and total damage were also included in the grading. 

Internal texture: The data on texture counts in Tables II and III 
indicate the internal characteristics of the wheat kernels. A kernel 
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having entire absence of mealiness in the cut section is designated as 
vitreous. When the whole surface has a white, floury aspect, the 
designation is mealy. Between these extremes there are many varia¬ 
tions which were all counted as semivitreous. These may tend more 
toward either the vitreous or the mealy, the trend usually being toward 
the larger figure. Thus, when the percentages of vitreous kernels are 
comparatively large, the semivitreous kernels approach the vitreous 
and likewise when the percentages for the mealy kernels are compara¬ 
tively large, the semivitreous are more toward the mealy. 

The data in Tables II and III show that the vitreous condition of 
the kernels decreased and the mealy condition increased with the 
duration of exposure in the field. Of the three varieties harvested on 
the Agronomy farm, Early Blackhul! underwent the greatest change, 
Kanred the least, with Tenmarq intermediate. In the nursery plots 
Chiefkan showed only half as much change as Tenmarq. 

The wetting by soaking the bundles obtained at the last cutting 
of Early Blackhull, Kanred, and Tenmarq on July 21 made a notable 
further decrease in the vitreous condition and increase in the mealy. 
The wetting treatments of the samples from the 44 Master Plot,” 
Table III, produced less change in Tenmarq than in Blackhull but 
had comparatively little effect on Chiefkan. A comparison of tin* 
amounts of maltose obtained shows no correlation with the progress 
of weathering in the field, but the amounts of maltose obtained from 
Tenmarq were notably higher than from Early Blackhull and Kanred. 
This indicates a varietal effect as was shown previously by Swanson 
(1935), who also presented data that showed no increase in the dia- 
static activity until the moisture content of the wheat kernels was 
increased to 27% or 30%. The amounts of maltose obtained from the 
wheat in the shocks showed a distinct increase in diastatic activity due 
to exposure. This result was also found in a previous experiment 
(Swanson, 1941). 

The 260 mg. of maltose obtained from the canvas-covered shock 
in comparison with the 154 mg. obtained from the shocks covered 
with bundles, as well as similar amounts obtained from the Tenmarq 
samples which had not received any rain, indicate that increase in 
diastatic activity may occur in the absence of distinct wetting. These 
results from the 1941 season agree with those obtained in 1940 
(Swanson, 1941). In 1940, 233 mg. of maltose was obtained from 
the canvas-covered shock in comparison with 135 mg. from the check 
or unwetted sample. No explanation for this is apparent. 

Baking tests: The results of the baking tests as given in Table IV 
were all from Tenmarq and hence variation between varieties was 
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eliminated. The largest loaf volumes with comparably good crumb 
textures were obtained from the samples cut on July 14 and 21 and 
hence had the most exposure. All the other loaf volumes did not 
show any definite trends that could be correlated with the harvest 
treatments. The smallest loaf volume from the sample cut June 16 
was clearly due to about 2% lower protein content. Table II shows 
that this sample had a test weight of 61.6 and graded 1 DHW. All the 
other samples graded 3 and 4 DHW or HW. The diastatic activity 
seemed to have had no distinct influence on the baking results. 

TABLE IV* 

Baking Results on Tenmarq Wheat Exposed to Wetting 


Serial 

No. 

Description 

[ Flour 
protein 

i 

! 

r 

i 

Grade 1 

I 

i 

] 

Baking 

Loaf ! 
\ol. 

Tex¬ 

ture 

Crumb 

color 


Treatment during harvest \ 

! '« 





1047 

Cut June 16, hard dough 1 

i 11.4 

1 DHW 

793 

80-0 

83 c-y 

1048 

Cut June 24, hard flintv 

13.6 

3 DHW 

938 

87-0 

85 c-y 

1049 

Cut JuK 3, hard bleached 

13.3 

* DHW 

940 

80-0 

83 c-v 

1050 

Cut July 14, hard bleached 

13.9 

4 DHW 

1020 

80-0 

84 c-v 

1051 

Cut Jul\ 21, hard bleached, wetted 

H.9 

4 DHW 

1007 

88-0 

87 c-y 


Shock v 






1052 

Bundle covered 

13.7 

3 DHW 

985 

84-0 

83 c-y 

1053 

Bundle covered j 

13.0 

3 DHW 

933 

84-0 

S3 c-y 

1054 

Bundle covered 

1 13.2 

S DHW 

988 

82-0 

83 c-y 

1055 

Canvas covered 

1 

: 

i_ 

3 DHW i 

930 ! 

87-0 

85 c-y 


1 Credit m due Mi. John \ Johnson lor doing thit baking 


Discussion 

The data presented show that prolonged exposure to small rains, 
sunshine, and dew in the field after the wheat had reached the hard 
dough stage markedly lowered the tost weight with consequent re¬ 
duction in wheat grade. The data also show that the vitreous charac¬ 
teristic was greatly decreased, with consequent increase in the mealy 
condition of the endosperm. As in the previous investigations 
(Swanson, 1941, 1943, 1943a), neither the percentage of flour yield 
nor the baking value was lowered. 

Because of the smallness of the rains there could have been no 
such entrance of water into the kernels exposed in the field as takes 
place when wheat is soaked in water. In a previous investigation 
(Swanson, 1936), it was shown that soaking wheat heads for 30 minutes 
and then drying in the sun decreased the lest weights and increased 
the percentage of yellow berry less than when the drying was done in 
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the shade. The soaking for 10 minutes had less effect than soaking 
for 30 minutes but for both periods the number of wettings had cumu¬ 
lative effects. The prolonging of the wet condition was a factor as 
well as the amounts and the number of times wetted. Because of 
the small rainfall in 1941, no such swelling could have taken place as 
when wheat kernels are soaked in water for a few hours. Yet there 
was a reduction in test weight and changes in internal texture similar 
to those that occurred when wheat was soaked or when the moisture 
was increased to 26% or more. 

It may be assumed that these changes were due to the absorption 
or adsorption of water into the interior of the kernels. Since the 
amounts of water were so small that its entrance into the kernels 
could not have taken place by such movements as are designated as 
capillarity, the question arises: How does the water enter when in¬ 
sufficient for such movement? The answer to this question rests on 
general principles of water movement, in both liquid and vapor phases, 
and on the forces that govern absorption and adsorption. 

Tempering water enters into the wheat kernel in much the same 
manner as the water from small rains, which probably increase the 
moisture content to about 16% or a little more. When dry wheat is 
tempered to about 16% moisture for milling, water is first absorbed 
into the bran layers, from which it is distributed throughout the endo¬ 
sperm. The distribution does not take place by capillary movements 
because of the firm adsorption of the small amounts of water. 

Immediately after dry wheat is tempered for milling, it both feels 
and appears wet and capillary movements of water can take place in 
the outer bran layers. In about half an hour or even less the water 
seems to have'been absorbed to such an extent that the wheat feels 
only slightly damp. In this condition the water films are too thin 
for capillary movements. That the water has not been distributed 
throughout the entire endosperm is known from the fact that in 
tempering practice several hours are required for this distribution to 
take place. 

That wheat kernels have pore spaces among the starch granules 
and intertwined protein material is known from the fact that the 
specific gravity of the whole kernel is less than that calculated from 
the specific gravities of the various substances. These pores vary in 
shape, configuration, and in size from microscopic to submicroscopic. 
Even the latter are large in relation to the diameter of the water mole¬ 
cule, which is estimated to be 0.2 mg, and hence many layers of water 
molecules can be adsorbed on the materials, mostly starch and protein, 
which form the walls of these pores. 



Nov., ms 


C. 0. SWANSON 


713 


Just after the tempering water has been absorbed the layers of 
water molecules are most numerous in the outer bran portions. The 
adsorbed layer or layers of water molecules next to the surfaces of 
the solids are held by the force of adhesion. The layers superimposed 
on these are held partly by the forces that emanate from the solid and 
partly by the force of cohesion among the water molecules. Since the 
forces from the solid surfaces decrease exponentially, the outer layers 
of molecules are held less and less firmly. These outer layers have 
then more vapor pressure or energy to escape than those nearer the 
surface of the solids. Hence the molecules in the outer layers will 
evaporate or assume the gaseous state. Because of their freedom in 
the gaseous condition they can penetrate further into the pores of 
the kernel and become adsorbed where the layers of water molecules 
are less thick. In this way the thicker outer layers of adsorbed water 
molecules lose water while the layers farther in gain. A continuance 
of this process will eventually distribute the water evenly throughout 
the whole interior of the kernel. 

The water entering into the interior of wheat kernels in the manner 
described forces the compact structures of the starch and other sub¬ 
stances apart. The swelling of the wheat kernels that takes place 
from the entrance of water molecules in the vapor state is analogous 
to what happens when dry wood is exposed to a damp atmosphere. 

The repeated wettings that resulted from the light rains and the 
drying between wettings caused the disarrangement of the original 
compact interior structure of the endosperm and changed it from a 
vitreous to a mealy structure. The dews at night probably were a 
contributing factor. 


Conclusions 

Data have been presented that show the effects of exposure of 
five wheat varieties to several small rains during the harvest season 
of 1941. Effects of wetting by soaking wheat in the straw were also 
observed. 

Exposure to small rains totaling less than one inch decreased the 
test weight enough to depress the grade from No. I to No. 3 and No. 4. 
The artificial wetting had similar effects. The interior of the endo¬ 
sperm changed from a predominantly vitreous to a predominantly 
mealy condition. 

The lowering of the test weights and the increase in the mealy 
condition had no effect on the flour yield or on the baking value. 

Of the several varieties observed, Early Blackhul! and Blackhull 
showed the greatest change from the vitreous to the mealy condition 
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of the endosperm. Chiefkan was the least affected, while Kanred and 
Tenmarq were intermediate 


Literature Cited 


Swanson, C. O. 

1935 Some factors which affect the diastatic activity of wheat. Cereal Chem. 
12: 89-107. 

1936 Effect of harvest conditions on a few quality factors in wheat. Cereal 
Chem. 13: 70-90. 

1941 Effects of moisture on the physical and other properties of wheat. Cereal 
Chem. 18: 705-729. 

1942 A micro method for determining test weight. Cereal Chem. 19: 468-470, 

1943 Effects of moisture on the physical and other properties of wheat. 

II. Wetting during harvest. Cereal Chem. 20: 43-61. 

1943a Effects of moisture on the physical and other properties of wheat. 

III. Degree, duration, and number of wetting treatments. Cereal Chem. 
20: 286-299. 


THE EXPERIMENTAL ERROR OF THE THIOCHROME 
METHOD FOR THIAMINE ASSAY 1 

F. C. Hildebrand 2 and W. F. Geddes 3 

(Read at the Annual Meeting, May 1943, received for publication Ma> 19, 1943) 

The expanding manufacture of enriched flours makes it increasingly 
important to know the experimental error of the assay methods for the 
added compounds. The intralaboratorv error limits a mill’s ability to 
detect variations in its own product, and the interlaboratorv error 
affects the uniformity with which different mills, each operating its own 
laboratory, can meet standard specifications. 'The thiochrome method 
(Cereal Laboratory Methods, 1941), widely employed for the determi¬ 
nation of thiamine, is now sufficiently standardized to merit detailed 
examination. Two studies of its precision have already been reported * 
the first (Lundie and Robertson, 1941) involved only two laboratories 
and dealt with data obtained b\ visual measurement, which probably 
would yield less precist* results than the more common photoelectric 
methods, while the second (Frev and Hennessv, 1942) reported only 
interlaboratory errors, and not all collaborators employed the same 
method. More comprehensive data were recently made available 
the present authors, and the anal>ses of these add useful information 
to that already published. 

These data consist of two series: (1) duplicate values for 68 samples 
(whole wheat and rye; wheat and rye flours) obtained by the same 
method in five labotatories of the Products Control Department, 

1 Paper No 2097, Scientific Journal Series, Minnesota Agricultural Experiment Station. 

* General Mills, Inc., Minneapolis, Minn. 

’Division of Agricultural Biochemistry. I Diversity Farm, St. Paul, Minn, 
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General Mills, Inc., and (2) duplicate values for 514 samples of wheat 
kernels, glumes, and stems, determined by the same method in the 
Division of Agricultural Biochemistry, University of Minnesota (previ¬ 
ously published in part by Geddes and Levine, 1942). 

Descriptions of samples of the first series and the errors of analysis 
are shown in Table I. The errors are given in both absolute (standard 
error) and relative (coefficient of variability) terms within laboratories 
and within samples. The 44 within laboratories,” or duplicate, errors 
represent average performance of all five laboratories. The 44 within 
samples” error includes variation between laboratories, duplicate error, 
and the error resulting from the tendency of the various laboratories to 
obtain relatively different results with different samples (interaction of 

TABLE I 

Errors of Thiochrome Method Based on Collaborative 
Analyses in Five Laboratories 


GlOUp 

Nature of flour# 

Num 

hex 

sam¬ 

ple# 

I hiaminc 
range 
(Means all 
labora¬ 
tories) 

Group 

mean 

.Standard error 
ol single 
determination 

.. 

Coefficient of 
variability 

\\ ithin 
labs 

Within 

samples 

With¬ 

in 

labs. 

With¬ 

in 

sam¬ 

ples 




mgllb 

mg/lb 

mg/lb 

mgflb 

% 

% 

l 

Patent 

10 

0.16-0.38 

0.28 

0.022 

0.033 

8.1 

12.1 

11 

Long patent; st grade 

| 10 

0.46-0.78 

0.57 

0.030 

0.046 

5.3 

8.0 

III 

White rye; durum 

5 , 

0.82-0.99 

0.94 

0.037 

0.065 

4.0 

6.9 

IV 

Knr. patent; 1st clear 

19 

1.26-1.79 

1.54 

0.054 

0.088 

3.5 

5.7 

V 

Enr. patent; whole wheat 

16 

1.84-2.63 

2.12 

0.066 

0.116 

3.1 

5.5 

VI 

Clear; dark lye 

* 

3.03-3.28 

3.14 

0.076 

0.233 

2.4 

7.4 

VII 

2d dear; red dog 

1 5 

7.27-9.28 

8.53 

i 

0.218 

0.426 

2.6 

5.0 

All 


! 68 

0 16-9.28 

i 

1.89 

0.077 

0.169 

4.1 

8.9 

1 

1 _ __ 

i_ 



_ 





laboratories b\ samples). Both errors increase with increasing thiamine 
content. The correlation between thiamine level and difference be¬ 
tween duplicates was found to l>e + 0.88 (value of r at 5 % level = 0.23). 
Accordingly, these data have been segregated into seven classes with 
samples grouped on the basis of thiamine content. Although the 
absolute error, both within lalx>ratories and within samples, increases 
markedly with increasing thiamine content, the change is not strictly 
proportional. Hence the coefficient of variability (standard error as 
per cent of the mean) shows a distinct downward trend with increase in 
thiamine. Because the 44 within samples” error includes two sources of 
variation in addition to the duplicate error, it is appreciably larger than 
the 44 within laboratories” value in all groups. Nevertheless, the 
agreement between laboratories, as shown in Table II, is good. 
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TABLE II 

Mean Thiamine Values and Error Between Laboratories 


Class 

Number 

samples 

Mean thiamine content for laboratories 

Standard 
error 1 
between 
laboratories 

A 

B 

C 

D 

E 

All labs. 



rngflb 

m g)lb 

mgllb 

rngflb 

mgllb 

rngflb 

rngflb 

I 

10 

0.27 

0.27 

0.28 

0.29 

It HI 


0.030 

II 

10 

0.58 

0.55 

0.57 

0.58 

mom 


0.042 

III 

5 

0.95 

0.90 

0.99 

0.94 

0.90 

0.94 

0.062 

IV 

19 

1.52 

1.49 

1.54 

1.58 

1.58 

1.54 

0.084 

V 

16 

2.13 

2.14 

2.10 

2.16 

2.05 

2.12 

0.112 

VI 

3 

3.37 

3.15 

3.14 

2.90 

3.13 

3.14 

■OrEim 

VII 

5 

8.91 

8.73 

8.21 

8.44 

8.39 

8 53 

■ 

All 

68 

1.92 

1.89 

1.86 

1.89 

1.87 

1.89 

0.168 


1 Apply to individual sample means for each laboratory. 


The data of the second series gave duplicate errors of 0.022 and 
0.023 mg/lb for stems and glumes respectively, each of which had an 
average thiamine content of approximately 0.73 mg/lb. The duplicate 
error for wheat kernels was 0.043 mg/lb at a mean thiamine level of 
2.55 mg/lb. These standard errors are somewhat lower than those of 
the first series for similar thiamine levels. In the second series, a 
significant positive correlation was also obtained between thiamine 
content and difference between duplicates. 

The present study shows a greater precision of thiochrome results 
than is reflected in previous papers. Where the values can be com¬ 
pared, the intralaboratory error of these data is about half of that 
previously reported, while the interlaboratory error has been reduced 
even more. Such increase in precision is believed to be the natural 
result of better standardization of the method and greater familiarity 
with the technique. 

If two samples of enriched flour are analyzed in duplicate in the 
same laboratory, the difference in the mean values must be at least 
0.1 mg/lb to be significant. This follows from the standard errors 
shown in Table I, assuming the significant difference to be twice the 
Standard error. If the analyses are made in two laboratories, the 
difference would have to exceed 0.2 mg/11?. We believe that this pre¬ 
cision is satisfactory for a method as complex as the thiochrome 
technique, although it is not impossible that additional refinements will 
result in further reduction in errors. 

Summary 

Duplicate analyses of 68 samples of wheat, rye, and wheat and rye 
' flours in five laboratories; and of 514 samples of wheat kernels, glumes, 
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and stems in another laboratory show that absolute errors of the 
thiochrome method.increase with increasing thiamine content, but not 
in strict proportion. Such errors tend to be largest, on a percentage 
basis, with low thiamine samples and to diminish with increasing 
thiamine content. 

At the thiamine level for enriched flour, the means for duplicate 
analyses must differ by more than 0.1 mg/lb to be significant where the 
analyses are made in one laboratory ; and by more than 0.2 mg/lb where 
the analyses are made in different laboratories. 
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A RAPID METHOD FOR THE DETERMINATION OF 
THIAMINE IN WHEAT AND FLOUR 1 

A. Hoffer , 2 A. W. Alcock , 3 and W. F. Geddes 4 

(Received for publication July 19, 1943) 

During the last two years the production of flours rich in thiamine 
has assumed considerable commercial importance. Large quantities 
of flour enriched with the synthetic vitamin to specified levels are now 
being milled in the United States and Canada, while substantial 
amounts of long extraction flours are also being produced for sale under 
guarantees with respect to thiamine content. As a result of these 
recent developments, a definite need has arisen for a rapid method for 
the determination of thiamine in flour, especially for use in the control 
of milling operations. A single determination by the thiochrome 
method, as described in Cereal Laboratory Methods, requires about 
three hours while other published modifications of the procedure take 
even longer. At least during the period needed for a single determi- 

1 Paper No, 2117, Scientific Journal Series, Minnesota Agricultural Experiment Station. This 
Pjper represents a portion of a thesis to be presented to the Graduate School of the University of 
Minnesota in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

J Chemist, Western Canada Flour Mills Co. Ltd.. Winnipeg, Manitoba. 

* Chief chemist, Western Canada Flour Mills Co. Ltd., Winnipeg. Manitoba. 

4 Professor of Agricultural Biochemistry, University of Minnesota, St. Paul, Minn. 
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nation in a control laboratory, flour may be milled which fails to meet 
the requirements with regard to thiamine. 

Many laboratories have simplified and shortened the regular 
thiochrome method in order to increase the value of their results for 
mill control purposes, but as yet very little information is generally 
available as to the nature of the modifications which have been adopted 
or their effects upon the results obtained. The greatest simplification 
was proposed by Andrews and Nordgren (1941) who suggested shaking 
the sample with 25% potassium chloride solution in dilute acetic acid 
and determining the thiamine in the filtered extract by oxidation 
followed by the usual extraction with isobutanol. Andrews and 
Nordgren found this method to be unsatisfactory for bread since 
enzyme treatment is required to hydrolyze cocarboxylase, but in the 
case of milled products it gave results in fairly close agreement with 
those obtained by the regular thiochrome method. They believed that 
the rapid method would prove of special value in assaying enriched 
flours for thiamine. Nicholls et al (1942) followed a similar procedure 
except that they extracted their flour samples with dilute hydrochloric 
acid. 

Late in 1941 Canadian mills were faced with the problem of pro¬ 
ducing long extraction flour of the best possible grade, having a 
thiamine content of not less than 1.2 mg per pound. To meet the 
pressing need thus created for a rapid method of thiamine assay suitable 
for mill control, it was decided to investigate the method proposed by 
Andrews and Nordgren with the object of determining (1) whether the 
method was capable of giving reproducible results; and (2) whether the 
results it yielded, when applied to a variety of wheat products, were in 
agreement with those obtained by our regular thiochrome procedure. 
The purpose of the present paper is to report the results of these 
inquiries. Some data on collaborative samples have also been included 
as a means of providing information as to the relationship between our 
thiamine results and those obtained elsewhere. This seemed desirable 
in view of the wide variations in the results of assays carried out in 
different laboratories on portions of the same sample. 

Experimental 

Development of rapid method . After some experience had been 
gained with the method described by Andrews and Nordgren, the 
following modified procedure was adopted for further investigation: 

Apparatus: 

(1) Fluorophotometer. 

(2) Centrifuge and 50 ml centrifuge tubes, preferably without lip. 

(3) Boiling tubes. 
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(4) Reaction vessels as described by D. J. Hcnnessy (1941). 

(5) Automatic pipette (16 ml) for ibobutanol. 

Reagents: 

(1) Potassium chloride solution. Dissolve 250 grams in 2% acetic acid and make 
up to 1 liter. 

(2) Sodium hydroxide solution 15%. 

(3) Potassium ferricyanide solution 3% (made up fresh each week). 

(4) Oxidizing reagent: 1 ml of 3% potassium ferricyanide solution diluted to 100 ml 
with 15% sodium hydroxide (made up fresh each day). 

(5) Isobutanol; re-distilled from all-glass apparatus. 

(6) Anhydrous sodium sulphate. 

(7) Quinine sulphate solution. Dissolve 0.108 g of Quinine sulphate (U.S.P.) in 0.1 iV 
sulphuric acid and make up to 1 liter. Dilute 1 to 400 for working standard. 

(8) Standard thiamine solution. Weigh out 0.1 g of pure thiamine hydrochloride, 
previously dried over P 2 O 6 , and make up to 1 liter with water. Pipette 10 ml of 
this solution into a 1-liter flask and make up to volume with 0.1 N hydrochloric 
acid. 

Method: 

Place 1 g of sample (or an amount containing 3-5 jug of thiamine in the case of 

mill feeds and low grade flour) in a 50-ml centrifuge tube and add 20 ml of potassium 

chloride solution. Break up any lumps by means of a glass rod. Place the centri- 


4ABLE I 

Effect of Time and Temperature on Thiamine Extraction 


Material 

Extraction 

time 

26° C 

Thiamine 

50° C 

70° C 


mm 


hr/k 

ngfg 

Patent flour (Ash 0.37%) 

10 

0.80 

0.79 

0.83 

20 

0.79 

0.82 

0.80 


30 

0.79 

0.83 

0.80 

Long extraction flour (Ash 0.60%) 

10 

2.03 

2.05 

2.10 

20 

2.11 

2.07 

2.16 


30 

2.07 

2.09 

2.22 

Second clear flour (Ash 1.20%) 

10 

5.65 

5.72 

6.13 

20 

5.51 

5.89 

6.07 


30 

5.65 

6.07 

6.20 

Whole wheat flour 

10 

4.48 

4.50 

4.57 


20 

4.54 

4 64 

4.75 


30 

4.40 

4.76 

4.90 


60 

4.63 

4.82 

4.93 

Bran 

10 

7.07 

7.10 

7.66 

20 

7.07 

7.27 

7.65 


30 

6.96 

7.31 

7.89 

Shorts 

10 

16.77 

17.63 

17.34 

20 

16.64 

17.73 

17.61 


30 

17.00 

17.90 

18.17 


60 

— 

17.89 

18.23 

Averages 

10 

6.13 

6.30 

6.44 

20 

6.11 

6.40 

6.50 


30 

6.15 

6.50 

6.70 
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fuge tube in a water bath at 70° C, cover with a boiling tube to prevent evaporation, 
and leave for 30 minutes. At the end of this time, stir the mixture and break up 
any lumps that have formed, and then centrifuge at about 2500 rpm for 5 minutes. 

Transfer a 5-ml aliquot of the supernatant solution to a reaction vessel. To this 
add rapidly 3 ml of the oxidizing reagent, followed exactly 1 minute later by 16 ml of 
isobutanol. Shake for 14 minutes and centrifuge at low speed for 45 seconds. Run 
off the aqueous layer, add approximately 1.5 g of anhydrous sodium sulphate and 
shake for 20 seconds. Pour the clear isobutanol extract into a cuvette and determine 
the fluorescence. 

Adjustment of the fluorophotometer against quinine sulphate solution, standard¬ 
ization with pure thiamine, and the blank determinations, are all carried out as in the 
regular procedure. This procedure is essentially the same as that outlined in Cereal 
Laboratory Methods (4th ed. 1941) except that the sodium hydroxide and potassium 
ferricyanide solutions are combined before use. 

Temperatures of extraction both higher and lower than 70° C were tried. Above 
70° C increased gelatinization of starch made it more difficult to obtain fairly clear 
solutions on centrifuging; at room temperature, extraction was found to be incom¬ 
plete in 30 minutes in the case of bran, shorts, and lower grade flours. Shaking 
frequently by hand during extraction at 70° C had no appreciable effect on the results. 

TABLE II 

The Effect of Variations in Ferricyanide Concentration on Fluoropho¬ 
tometer Readings for the Standard Thiamine Solution 
and for Certain Rapid Method Extracts 


Extract 

Milligrams fprricyamde * 

0.025 

0.05 

0.1 

03 

0.6 

09 

1.8 

Mean galvanometer deflection (Coleman) ] 

Standard thiamine 

1.0 

73.0 

74.0* 

71.0 

68.0 

68.0 

63.0 

Enriched flour 

1.0 

11.0 

87.0 

88.5* 

84.5 

80.5 

— 

Clear flour 

2.0 

9.5 

34.0 

96.0* 

96.0* 

88.0 

75.0 

Whole wheat flour 

3.0 

9.5 

33.0 

83.0* 

80.5 

73.0 

67.5 

Shorts (1) 

2.5 

4.0 

15.0 

80.0 

83.0* 

73.5 

64.5 

Shorts (2) 

2.5 

4.0 

13.0 

75.0* 

72.0 

70.0 

63.5 

Bran 

— 

4.5 

10.75 

61.0 

72.0* 

68.0 

58.0 


1 The blank is subtracted in all cases. 
* Maximum reading. 


The effects of time and temperature of extraction are shown in Table I. The 
results reported are the averages of duplicate determinations. 

Several workers have claimed that the excess of ferricyanide used in the thio- 
chrome method causes fictitiously high values. Excess of ferricyanide reduces the 
galvanometer readings, and since the excess will vary according to the amount of 
reducing impurities in the thiamine solution taken for oxidation, greater destruction 
of thioenrome is to be expected in some cases than in others. The greatest destruc¬ 
tion is likely to occur in the case of the standard. It is on that account that the 
method is suspected of giving high results, the magnitude of the error depending, 
however, upon the material analyzed. 

If this is a cause of error when the thiamine extract is purified by zeolite, a far 
greater effect might be expected when the extract contains relatively large quantities 
of organic matter as occurs in the rapid method just described. Several oxidations 
were therefore carried out on each of a number of extracts using different concentra¬ 
tions of ferricyanide. These amounts of ferricyanide were also used to oxidize the 
standard thiamine solution. The same quantity of sodium hydroxide (0.45 g) was 
used throughout, Fluorophotometer readings thus obtained are reported in Table II. 

It will be observed that in these experiments the standard gave its maximum 
fluorescence with 0.1 mg of ferricyanide while some samples showed maximum 
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fluorescence with 0.3 mg and others with 0.6 mg. The thiamine values calculated 
on the basis of the maximum fluorescence readings for standard and samples, and 
the values obtained by oxidizing the standard and the samples with 0.6 mg, 0.9 mg, 
and 1.8 mg of ferricyanide are given in Table III. 

It would seem logical to adjust the quantity of ferricyanide to secure the maxi* 
mum fluorescence at each oxidation, though even if that were done it would still be 
necessary to assume that, in all cases, the amounts of thiochrome Anally extracted 
by the isobutanol bore a constant relationship to the thiamine in the extracts. To 
select the ferricyanide level needed to produce maximum fluorescence would require 
at least three, and sometimes four or five, oxidations on each extract. Because of 
the additional work involved in such a procedure, we followed the customary practice 
of using a fixed amount of feiricyanide. 

The quantity of ferricyanide used in all our determinations, whether by the rapid 
or the regular method, was 0.9 mg. This was more than .sufficient to produce the 
maximum fluorescence in all samples tested 1 and was nine times the amount needed 
to give the greatest fluorescence in the standard. However, the destruction of 
thiochrome which occurred when 0.9 mg of ferricyanide was used was of about the 
same order in all the cases studied, including the standard. As is shown in Table III, 
the thiamine values obtained with this quantity of ferricyanide were practically the 

TABLE III 

Thiamine Values Obtained by Using Different Ferricyanide Levels 


Extract 

Milligrams ferricyanide used for standard and samples 

Optimum 1 

0 6 

0.9 

1.8 


ngfg 

Hgfg 

ftg/g 

uglg 

Enriched flour 

4.78 

4.97 

4.73 

— 

Clear flour 

5.18 

5.65 

5.18 

4.76 

Whole wheat flour 

4.49 

4.74 

4.30 

4.29 

Shorts (1) 

14.99 

16.27 

14.41 

13.65 

Shorts (2) 

13.51 

14.11 

13.7.5 

1.3.44 

Bran 

7.79 

8 47 

8.00 

7.37 

Mean (omitting enriched flour) 

9.19 

9.85 

9.12 

8 .6o 


1 Quantity of ferricyanide required to give maximum fluorescence readings for standard and 
samples. 


.same as those obtained when the ferricyanide was adjusted to give the greatest 
fluorescence readings. Oxidation with 0.6 mg of ferricyanide gave higher thiamine 
values, for at that level some of the extracts displayed their maximum fluorescence, 
while in the remainder, the effects of excess of ferricyanide were smaller than in the 
case of the standard. Oxidation with 1.8 mg of ferricyanide gave lower thiamine 
values. Contrary to what might be expected, increments in the excess of ferri<yanidc 
reduced the fluorescence of the standard to a lesser degree than they did the fluores¬ 
cence readings of the extracts. The presence of substances extracted from the 
samples apparently caused some increase in the effect of excess ferricyanide on the 
fluorescence readings. 

In the few instances we have studied, thiamine solutions eluted from zeolite 
reacted like the standard to excess ferricyanide. The same thiamine values were 
obtained whether 0.2 or 0.9 mg of ferricyanide, or some amount between these 
limits was used. 

The above data and discussion are inserted here to explain our use of 0.9 mg of 
ferricyanide for oxidation. It is realized that all samples may not behave in the 
same way as those we have studied and that the use of a fixed amount of oxidant may 
cause erroneous results in some instances. We do not know why excesses of ferri¬ 
cyanide should have such relatively little effect upon the standard nor can we explain 
the discrepancy between our results on the standard thiamine solution and those 

1 Except in the case of germ as will be seen later. 
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obtained by Conner and Straub (1941) who obtained the same galvanometer readings 
when a pure thiamine solution was oxidized with amounts of ferricyanide ranging 
from 0.5 mg to 3.0 mg. Considerable work remains to be done on the excess ferri- 
cyanide effect. 

When the rapid method is used, duplicate thiamine values can be 
obtained in approximately 50 minutes, and, under pressure, as many as 
64 determinations have been made by a single worker in an 8-hour day. 
A minor advantage is the fact that much less glassware is required when 
using this rapid method than when the regular procedure is followed. 

Application of rapid method to flours and flour streams . Seventy 
samples of flour ranging from short patents to low grades were assayed 
by the rapid method and also by a method which we have referred to 
as the “regular method.” In the “regular method” as already men- 

TABLE IV 

Thiamine Content of Different Grades of Flour by the Rapid and 
Regular Thiochrome Methods 


No samples 

Mean ash 
content 

Mean thiamine content 

Rapid method 

Regular method 

As found 

Corrected 1 


% 

Mix 

Mix 


4 

0.38 

0.89 

0.94 

0.88 

21 

0.47 

1.37 

1.46 

1.51 

11 

0.53 

1.61 

1.72 

1.71 

11 

0.58 

2.26 

2.42 

2.45 

7 

1.15 

6.93 

7.46 

7.32 

16 

2.00 

13.70 

14.78 

14.80 

Mean 


4.89 

5.27 

5.27 


1 Rapid method corrected by regression equation. 


tioned, oxidation is carried out by adding a mixture of sodium hydroxide 
and potassium ferricyanide solutions, but in all other essential features 
it is similar to that outlined in Cereal Laboratory Methods (4th ed. 
1941). 

Average results for 70 samples grouped according to ash content are 
given in Table IV. 

There was a correlation of + 0.99 between the results of the two 
methods and the relationship was that of a straight line which is ex¬ 
pressed in the equation: 

Y == — 0.02 + 1.08# where 

Y is the estimated thiamine value for the regular method 
x is the thiamine result by the rapid method 

The thiamirie values obtained by the rapid method were lower than 
those obtained by the regular method, the magnitude of the difference 
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being a function of the thiamine content of the flour. Application of 
the regression equation to the results of the rapid method gave values 
very close to those obtained by the regular method. 

As a further check of the equation, 18 samples of long extraction 
flour (78-80%) of the type advocated by certain officials of the 
Canadian government, were tested by both methods. Average results 
were: 

Regular method 2.68 pg/g 

Rapid method, as found 2.50 fxgjg 
Rapid method, corrected 2.68 pg/g 

All the flour streams from a commercial mill were tested by both 
methods and also by the regular method, omitting hydrolysis with 
enzyme (takadiastase). The results are shown in Table V. 

There were very high correlations between the values obtained by 
the three methods. The rapid method (uncorrected) gave the lowest 
average value, while differences between the values obtained in the 
other two series were not significant. According to Booth (1940), 
wheat contains little or no cocarboxylase and this is borne out, so far 
as the flour-producing portion of the kernel is concerned, by the fact 
that omission of digestion with enzyme did not significantly decrease 
the results obtained by the regular method. 

Application of rapid method to wheat. The rapid method was next 
applied to samples of wheat. The samples were ground so that all 
except a small amount of branny material passed a 44 GG sieve. 
Twenty-four samples gave an average value of 4.82 /ig/g by the rapid 
method and 4.70 n g/g by the regular method. Although the difference 
between the two values is statistically significant, it is too small to 
warrant the application of a correction factor. 

Compared with the regular procedure, the rapid method thus gives 
low results for flour and essentially correct values for wheat, and one 
would therefore expect it to give high values on mill feeds. This was 
found to be the case. 

Application of rapid method to mill feeds. The streams going to the 
feeds in a commercial mill were analyzed for thiamine by the three 
methods previously used and the results are reported in Table VI. 

In the upper section of the table have been grouped the feed flour 
streams consisting mainly of endosperm, and the feed middlings 
streams which also contain considerable endosperm. These streams 
make up but little more than 5% of the total mill products. It will be 
observed that the average thiamine results obtained by the three 
methods on these streams display no significant differences. 

Shorts and bran together constitute nearly 20% of the total mill 
products, and contain comparatively little endosperm. These feeds, 
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as made in Canada, contain respectively 8.0% and 11.5% of crude 
fiber. For assay by the regular method, with and without enzyme, the 
bran was air-dried and ground as finely as possible by means of a hand 
grinder. Both bran and shorts were mixed for a short time with a 
portion of the extractant in a Waring Blendor before carrying out the 

TABLE V 

Thiamine Values on Flour Streams by the Rapid Method and by the Regular 
Thiochrome Method with and without Takadiastase 


Stream 

Ash 

Thiamine content 1 

Rapid method 

Regular method 

As found 

Corrected 

Standard 

Without 

takadiastase 


% 

ng/g 

ng/g 

M«/« 

ng/g 

2nd middlings 

0.34 

0.47 

0.49 i 

0.59 

0.50 

4th middlings 

0.37 

0.76 

0.80 

0.80 

0.83 

1st middlings 

0.38 

0.47 

0.49 

0.59 

0.53 

3rd middlings 

0.39 

0.76 

0.80 

0.84 

0.77 

Coarse sizer 

0.41 

0.74 

0.78 

0.78 

0.58 

Fine sizer 

0.43 

0.76 

0.80 

0.85 

0.79 

5th middlings 

0.44 

1.09 

1.16 

1.24 

1.18 

6th middlings 

0.48 

1.71 

1.83 

1.86 

1.93 

7th middlings 

0.48 

1.94 

2.08 

2.10 

1.93 

2nd and 3rd break 

0.51 

1.38 

1.47 

1.68 

1.65 

1st tailings 

0.54 

1.53 

1.63 

1.85 

1.84 

Roll dust 

0.55 

1.65 

1.76 

1.72 

1.65 

8th middlings 

0.64 

4.23 

4.55 

4.24 

4.50 

4th break 

0.68 

1.76 

1.88 

1.74 

1.65 

2nd quality 

Purifier dust 

0.72 

3.70 

3.98 

4.26 

4.13 

0.72 

1.82 

1.95 

2.10 

1.74 

1st break 

0.72 

0.82 

0.87 

0.89 

1.01 

1st middlings scalps 

0.75 

3.70 

3.98 

3.80 

3.66 

1st chip 

0.84 

3.03 

3.25 

3.82 

3.68 

1st germ 

0.93 

4.70 

5.06 

4.45 

5.15 

1st low grade 

0.96 

5.29 

5.69 

6.18 

6.19 

5th break 

1.12 

4.17 

4.48 

4.62 

4.54 

2nd germ and chip 

1.28 

8.41 

9.06 

9.45 

8.64 

2nd low grade 

1.37 

9.40 

10.13 

10.10 

9.92 

Mean 


2.68 

2.87 

2.94 

2.87 


Correlation coefficients r» v 

Rapid X regular method + 0.996 

Rapid X regular (no enzyme) method + 0.997 

Regular X regular (no enzyme) method -f 0.996 


1 Single determinations. 


extraction in the usual manner. No alteration was made in the rapid 
method for bran and shorts and in this case unground bran was used. 
All the bran results were calculated to the same moisture basis. The 
rapid method gave the highest results and the regular method without 
enzyme the lowest. These relationships have been confirmed by tests 
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on other samples. Calculation shows that, taking the data obtained 
by the regular method as correct, the error in the rapid method values 
for flour is almost exactly compensated for by opposing errors in the 
results for the shorts and bran. Because of this, tests by both methods 
on whole wheat give results which are in close agreement. The 
lowering of the regular method results on bran and shorts brought 

TABLE VI 

Thiamine Values on Feed Streams by the Rapid Method, and by the Regular 
Thiochrome Method with and without Takadiastase 




Thiamine content 1 

Stream 

Ash 

Rapid 

method 

Regular method 



As found 

Standard 

Without 

taka¬ 

diastase 

(a) Low grade tailings 

3rd low grade 

Bran and shorts duster redresser 
Bran and shorts reel 

Feed middlings 

Feed middlings 

Feed middlings 

% 

1.78 

2.04 

2.25 

2.30 
2.90 

3.31 
3.75 

»gfg 

18.81 

20.77 

14.89 

11.76 

17.28 

18.23 

27.30 


tafg 

18.94 

20.76 
14.89 

11.76 
15.80 
18.33 
28.29 

Mean 


18.43 

18.63 

18.40 

(5) Shorts 

Bran 

4.19 

5.76 


15.84 

7.83 

14.85 

7.02 

Mean 


12.43 

11.84 

10.94 


Correlation coefficient r» y 

Rapid X regular method + 0.980 

Rapid X regular method (no enzyme) + 0.990 

Regular X regular method (no enzyme) + 0.983 


1 Single determinations, except in the case of bran and shorts which are the means of four deter¬ 
minations. 


about by omitting digestion with takadiastase is an indication of the 
presence of bound thiamine in these by-products. 

Wheat germ gave decidedly low results by the rapid method. Two 
samples of commercial wheat germ were assayed for thiamine by the 
regular method, with and without takadiastase, and by the rapid 
method. The means of the results were as follows: 

Regular method 23.1 ^g'g 

Regular method (without takadiastase) 18.5 jtg/g 

Rapid method (as found) 18.8 jag/g 
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These results confirm the statement of Andrews and Nordgren 
(1941) regarding the presence of cocarboxylase in wheat germ and 
throw doubt upon the values reported by Pearce (1943) who used a 
simple acid extraction without enzymic digestion in his thiamine assays 
of germ. Some of the cocarboxylase in bran and shorts must be carried 
by the germ in these feeds, although they appear to contain more 
cocarboxylase than can be accounted for in this way. Possibly the 
bran coat, or some tissue other than germ which is separated with com¬ 
mercial bran and shorts, also contains cocarboxylase. 

The rapid method extracts of our germ samples were oxidized with 
0.9 mg of ferricyanide. While it was subsequently found that this 
quantity was insufficient to produce maximum fluorescence, it so 
happened that the reduction in the fluorescence readings due to the use 
of insufficient ferricyanide was approximately the same as the reduction 
(about 9%) due to the use of excess ferricyanide when 0.9 mg of this 
reagent was used for the standard etc. as shown in Table II. In the 
rapid method, germ gives a very high fluorescence blank which rapidly 
decreases when the isobutanol extract is exposed to ultraviolet light. 
In our determinations the initial blank reading was used. 


TABLE VII 

Standard Errors of the Rapid and Regular Methods 


Material 

No. samples 

Mean 

thiamine 

content 

Standard error 
(Single 

determination) 

Coefficient 

of 

variability 

Rapid method 

Flour 



ng/g 

% 




36 

2.45 

0.06 

2.6 

Wheat 

18 

4.06 

0.11 

2.7 

Bran 

11 

7.66 

0.17 

2.2 

Shorts 

12 

17.01 

0.57 

3.5 

Regular method 





Flour 

9 

0.88 

0.05 

5.9 

Flour 

15 

1.58 

0.06 

3.8 

Flour 

30 

2.50 

0.10 

4.0 

Flour 

13 

3.55 

0.12 

3.4 

Wheat 

4 

4.67 

0.13 

2.7 

Shorts 

9 

16.30 

0.62 

3.8 


Precision of the rapid and regulat methods . In Table VII are shown 
the standard errors of the rapid and regular methods, as computed 
from the results for wheat products of increasing thiamine content. 

For both methods the standard error in absolute terms increased 
with the thiamine content. On a percentage basis (coefficient of 
variability) however, the error remained fairly constant in the case of 
the rapid method, and tended to decrease for the regular method as the 
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thiamine increased. On the average the standard error of the rapid 
method was slightly lower than that of the regular method. 

The thiamine values of several collaborative check samples have 
been determined by both methods. These included four long extrac¬ 
tion flours sent out by the Canadian National Millers’ Association and 
three A.A.C.C. samples of enriched flour. The results, given in Table 
VIII, show that our data are in reasonably close agreement with the 


TABLE VIII 

A Comparison of the Thiamine Values on Check Samples as Reported by 
All Collaborators and by the Authors 



Values obtained 

Sample 

By collaborators 

By authors 


Mean 

Range 

Rapid 
(As found) 

Rapid | 
(Corrected) 

Regular 

Long extraction flours 

Mg/g 

Mg/g 

Mg/g 

Mg/g 

I 

Mg/g 

C.N.M.A. No. 4 

2.56 

2.27-2.88 

2.18 

2.35 

2.37* 

C.N.M.A. No. 5 

2.68 

2.39-3.24 j 

2.38 

2.57 1 


C.N.M.A. No. 6 

2.69 

2.45-2.94 

2.49 

2.69 1 


C.N.M.A. No. 7 

2.56 

2.09-2.89 

2.51 

2.71 

2.82 1 

Mean 

2.62 


2.39 

2.58 


Enriched flours 






Nov. A.A.C.C. 

3.89 

3.43-5.14 

3.59 


3.63 1 

Feb. A.A.C.C. 

3.81 

3.46-4.31 

3.69 


3.77* 

Mar. A.A.C.C. 

4.03 

3.53-4.77 

4.08 


4.26* 

Mean 

3.91 


3.78 


3.87 


1 Reported values. 


means of the values reported by other laboratories and thus provide evi¬ 
dence as to the general reliability of our figures and the validity of the 
conclusions reached. Our corrected values for the long extraction 
flours are in close agreement with the general averages of all laboratories. 
The uncorrected results of rapid tests on enriched flours are slightly 
low. Other comparative tests on enriched flours have given similar 
results. In the rapid method all the added thiamine is extracted and 
any error is due to the incomplete extraction of the thiamine naturally 
present. Since this error will usually be very small, no correction is 
considered to be necessary. 


Discussion 

The relationship of the rapid method results to those obtained by 
the regular thiochrome procedure varies with the type of material 
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analyzed* With wheat and a number of feed streams containing a con* 
siderable proportion of endosperm the two methods give results which 
are in substantial agreement. With germ the rapid method results are 
nearly 20% lower, on flours they average 8% lower, and on bran and 
shorts they are higher, than those obtained by the regular method. 

The discrepancy in the case of germ can be safely attributed, in a 
large measure, to the presence of cocarboxylase, but this is not the 
explanation for the lower rapid method results for flours since they con¬ 
tain little or no cocarboxylase. Some evidence has been presented 
indicating that the effect of the excess of ferricyanide is more pro¬ 
nounced on rapid method extracts than it is on the standard or on solu¬ 
tions eluted from zeolite. While the use of a fixed ferricyanide level 
must be recognized as an arbitrary feature and one which may possibly 
lead to errors in individual cases, our data indicate that it was not the 
factor responsible for the lower results obtained on flours by the rapid 
method. 

Actually there is, so far as we are aware, no experimental evidence 
to indicate what is responsible for the low rapid method results on flour, 
but in any speculation on the subject, the possibility that the thiamine 
is incompletely extracted from starchy material, under the particular 
extraction procedure we followed, cannot be altogether overlooked. 
Nor can we be sure that the foreign material present in the rapid method 
extract has no effect on the conversion of thiamine to thiochrome or on 
the partition coefficient between the salt solution and the isobutanol. 

The reason for the high rapid method results on bran and shorts is 
more puzzling since these feeds contain cocarboxylase and would there¬ 
fore be expected to give low results. Here again the difference does not 
appear to be related to the excess ferricyanide effects. One of the many 
possibilities which might be suggested is the presence in bran of soluble 
substances which, on oxidation, yield products fluorescing in the same 
range as thiochrome. Another possibility is that our results on bran 
and shorts by the regular method are low. This would mean, of course, 
that our results on wheat by both methods are also slightly low. 

Whatever the causal factors may be, the discrepancies are relatively 
small. They average less than 10% in one direction for flour and less 
than 10% in the other direction for bran and shorts. The results we 
have reported show that the discrepancy in the case of flour can be 
removed by the application of a correction factor to the rapid method 
values and that the rapid method can be applied to wheat and to 
enriched high grade flour, in which there is a small proportion of 
natural thiamine, to give results which, without correction, are in close 
agreement with those obtained by the regular thiochrome method. If 
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the rapid method is to be applied to other products, the relationship 
between the regular and rapid method results should be established for 
each type of material analyzed. 

Summary 

A modification of the rapid method of Andrews and Nordgren for 
determining thiamine in wheat and wheat products has been developed 
for use in flour mill control of the production of enriched and long ex¬ 
traction flours. The method has been standardized against the regular 
thiochrome method. 

With unenriched commercial flours the rapid method gave low 
results but by the use of a correction factor the values were brought 
into a close agreement with those obtained by the regular method. 
With enriched flours and wheat no correction was required. With bran 
and shorts the rapid method gave higher thiamine values than the 
regular procedure; with germ it gave lower values. 

The presence of cocarboxylase is mainly responsible for the low 
results with germ, but no explanation has been found for the high 
results on bran and shorts or for the low results on unenriched flours. 

Replicate error was slightly lower for the rapid than for the regular 
method. For both methods, the absolute errors increased with in¬ 
creasing thiamine content. 
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SELECTIVE FERMENTATIONS OF MALTOSE AND 
LACTOSE IN DOUGHS AS MEASURED BY 
THE PRESSUREMETER METHOD 

H. H. Browne 

Bureau of Dairy Industry, Agricultural Research Administration, 

U. S. Department of Agriculture, Washington, D. C. 

(Received for publication December 12, 1942) 

In connection with a study of the utilization of the lactose which 
is present in the milk products used in baking bread, it was desirable 
to know to what extent lactose could be made to contribute to the 
leavening process. A lactose-fermenting yeast was required for this 
phase of the study, and since it would probably not act upon maltose 
(but would act upon any dextrose or sucrose present in the flour), the 
regular “ baker’s yeast ” had to be used in conjunction with it. Baker’s 
yeast ferments dextrose, maltose, and sucrose, but not lactose. 

It was also of interest to see in a general way how the results of the 
test to be adopted would correspond with the*diastase value of the flour. 

Methods and Materials 

Of the several lactose-fermenting yeasts available from the Ameri¬ 
can type culture collection, Torula cremoris (No. 2512) was chosen, 
because the writer’s experience indicated that it is the fastest fermenter 
of this type. Of eight flours available for study, two were chosen: 
(1) a standard patent flour with a diastatic value of 280 and (2) a short 
patent flour with a diastatic value of 151. These two flours had the 
highest and lowest diastatic values, respectively, of the series. Both 
had a pH value of 6.0. 

The gassing values of the doughs were measured in duplicate, by 
the pressuremeter method recommended by the American Association 
of Cereal Chemists (Cereal Laboratory Methods , 1941), in which a con¬ 
stant quantity of a “straight dough” is enclosed in a vessel and the 
pressure of the gas evolved in any time interval is read from a mercury 
column. The writer arbitrarily used 6 hours throughout as the testing 
period. 

Baker’s yeast and T . cremoris were the fermenting agents. They 
were used alone, or mixed together in various proportions, but the total 
amount of yeast was always 0.3 g as required in a standard test. The 
slight differences in pH of the doughs were ignored. 

Experimental 

The pressures attributable to maltose were obtained by first carry¬ 
ing out the test in the regular way with baker’s yeast as the fermenting 

730 
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agent* The resulting pressures for both flours are given in Table I, 
lines A and D* These pressures were obtained from the sugars present 
and forming during the test, but of course do not indicate total quan¬ 
tities of the different sugars present. 

The test was then carried out with T. cremoris as the fermenting 
agent. The results are shown in Table I, lines B and E. This organ¬ 
ism does not ferment maltose, so these pressures are considered to be 
due to dextrose and sucrose, on the assumption that the latter is a 
natural constituent of flour. 

The differences between the values shown in lines A and B, and 
between those in lines D and E, represent the amount of gas derived 

TABLE I 

Gassing Power of Doughs with Different Yeasts 


Line 

Yeast 

Sugars fermented 

Pressures in mm mercury at various 
hourly intervals 

1 hr 

2 lirs 

3 hrs 

\ 

4 hrs 

5 hrs 

6 hrs 




mm 

mm 

mm 

mm 

mm 

mm 


flour no. 1 


A 

Baker’s 

Sucrose, maltose, 
dextrose 

102 

230 

378 

436 

470 

500 

B 

T. cremoris 

Sucrose, dextrose 

30 

82 

106 

114 

118 

121 

C 

(A-B) 

Maltose 

72 

148 

272 

322 

352 

379 


FLOUR NO. 2 


D 

Baker’s 

Sucrose, maltose, 
dextrose 

108 

206 

276 

302 

322 

338 

E 

T. cremoris 

Sucrose, dextrose 

38 

101 

131 

143 

147 

150 

F 

• (D-E) 

Maltose 

70 

105 

145 

159 

175 

188 


from maltose only (see lines C and F), regardless of whether or not 
sucrose is present in the flours, since both organisms ferment it. When 
sucrose is not present the pressures shown in lines B and E are due to 
dextrose only. The dextrose may be differentiated from the maltose 
by making use of some of the apiculate yeasts such as the Klockera or 
Hansenia ,* very few of which will ferment a disaccharide. The possi¬ 
bility of any epiphytic microflora in the flours contributing to the data 
is considered unlikely and is disregarded. 

By using these data, pressure values for a part of the flour which 
the writer has termed the ‘'maltose fraction” (or ratio) can be calcu¬ 
lated, since such values apparently indicate the ratio of maltose fer- 


1 A. Klocker: Researches on 17 forms of Sacch. Apiculatus. Compt. rend. (Carlsberg) 10:285 (1913). 
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mented. to total sugars fermented—that is, only as relative values. 
This ratio is obtained by dividing C by A for flour No. 1 and F by D 
for flour No. 2. 

The values of this ratio for each time interval for both flours are 
tabulated in Table II. The relative constancy of these ratios for each 
flour, after the second hour, seems to offer some justification for the 
validity of this method of sugar differentiation in the flour. 

The fact that the ratios for the two flours differ widely would also 
appear to offer a method of differentiating between flours themselves, 
supplementing the diastase test. 

TABLE II 


“ Maltose Fractions" Determined at Successive Time Intervals 


Flour 

Line 

1 hr 

2 hrs 

3 hra 

4 hr8 

5 hra 

6 hrs 

No. 1 

C/A 

0.71 

0.64 

0.72 

0.74 

0.75 

0.76 

No. 2 

F/D 

0.65 

0.51 

0.53 

0.53 

0.54 

0.56 


In connection with the utilization of lactose for leavening purposes, 
gassing tests were made as usual but with 6 percent of skim milk 
powder added (based on weight of flour) and with various portions of 
the fermenting agent made up of T. cremoris. These results are tabu¬ 
lated in Table HI. See Table I, lines A and D, for data on baker’s 
yeast with no T. cremoris. 


TABLE III 

Gassing Power of Lactose Containing Doughs with Different 
Yeast Combinations 


Line i 

Yeast fractions 

Pressures in mm mercury at various hourly intervals 

Baker's 

T.C. 

1 hr 

2 hrs 

3 hrs 

4 hrs 

5 hrs 

6 hrs 




mm 

mm 

mm 

mm 


mm 


flour no. 1 


G 

0 

1.0 

84 

189 

255 


293 

299 

H 

0.25 

0.75 

72 

166 : 

274 

359 

445 

527 

i 

0.50 

0.50 

90 


344 

480* 

568 

624 

j 

0.75 

0.25 

86 ’ 


355 

452 

504 

546 


FLOUR NO. 2 


K 

0 

1.0 

70 

175 i 


293 

309 

316 

L 

0.25 

0.75 

74 

174 


371 

447 

500 

M 



94 

210 


452 

494 

520 

N 

Warn 

KB 

93 

208 

325 

367 


436 
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If the gas pressures due to maltose (Table I, line C) and those due 
to lactose, sucrose, and dextrose (Table III, line G) are added together, 
a measure of the pressure that may be expected in some unknown time 
would result if the rates of fermentation do not differ greatly. These 
calculated pressures are shown in Table IV, as C + G and F + K. 
The actual pressures developed in 6 hours when both yeasts are used 
together in different proportions, and in the presence of lactose have 
been tabulated in Table III. In Table III it may be seen that the 
highest pressures that were developed in the presence of 6 percent of 
skim milk powder occurred when equal parts of baker's yeast and T. 
cremoris were used as the fermenting agent. (See lines I and M.) 

It is of interest to know how closely the actual maximum pressures 
approach the calculated maximums. This can be expressed as a ratio 


TABLE IV 

Calculated Pressures and Actual Fraciions of These 
Pressures Developed 


Pressure 1 

Flour 

Pressures in mm mercury 

1 hr 

2 hrs 

3 hrs 

4 hrs 

5 hrs 

6 hrs 



mm 

mm 

mm 

mm 

mm 

mm 

C + G 

No. 1 

156 

337 

527 

602 

654 

678 

F + K 

No. 2 

140 

280 

401 

452 

484 

504 

I/(C + G) 

No. 1 

.58 

.61 

.65 

.80 

.88 

.92 

M/(F + K) 

No. 2 

.67 

.75 

.83 

1.00 

1.02 

1.03 


1 C + G and F -f K ate calculated pressures, I/(C + G) and M/(F -j- K) designate ratio of maxi¬ 
mum actual pressures to calculated pressmes. 


by dividing I by C + G for flour No. 1 and M by F + K for flour 
No. 2. These ratios may be considered to be a measure of the efficacy 
of the dough fermentations. The results are tabulated in Table IV. 
The difference between these ratios for the two flours may be at¬ 
tributed in part to the fact that No. 1 flour had the higher diastatic 
value and consequently maltose was being formed faster than it was 
being fermented. 


Summary 

A method of determining the ratio of maltose to total fermentable 
sugars is described. The technique of this method was used to demon¬ 
strate that, by using baker's yeast and T . cremoris in equal amounts in 
a bread dough containing milk solids, all sugars present can be made 
to contribute effectively to the leavening of the dough. 



STARCH FROM EASTER LILY BULBS 1 


Neil W. Stuart 2 and Bernadine Brimhall 8 

(Received lor publication September 21, 1943) 

In connection with some physiological studies on Easter lilies 
(Stuart, in press) it was observed that the bulbs contained a high per¬ 
centage of starch. This starch was easily isolated and appeared to be 
of such high quality that further investigation of its properties seemed 
desirable, both from the standpoint of potential industrial uses and for 
comparison with other native starches in theoretical studies. Reichert 
(1913) has described the morphology and staining reactions of the 
starch from two varieties of Lilium longiflorum . 

The Easter lily, Lilium longiflorum Thunb., has been grown in the 
open for many years in the southern states (chiefly Florida and 
Louisiana) and in the Pacific northwest. It is an important florist crop 
for forcing under glass. Prior to 1941 most of the 25,000,000 or more 
Easter lily bulbs forced annually in this country were imported from 
Japan. At the present time domestic production of Easter lily bulbs 
is being successfully expanded. 

Easter lilies are propagated from seeds, stem bulblets, and bulb 
scales. Since the seedlings vary in many characters, multiplication of 
stocks that are to be genetically identical must be by asexual means. 
The Easter lily plant forms offsets from the main bulb, and smaller 
bulblets on the underground portion of the stem. These bulbs, graded 
into various sizes, are used for planting stock. Lilies may also be propa¬ 
gated from bulb scalds. The so-called scales are overlapping fleshy 
segments of the main bulb. When removed from the bulb these scales 
will form several bulblets that will in a year’s time equal or surpass 
stem bulblets in size. 

Easter lily bulbs are planted in the fall and are harvested about 10 
months later. The yield of bulbs will vary, depending upon the size 
of planting stock, soil and climatic conditions, and incidence of disease. 
Mixed seedling Easter lilies grown in rows 3 feet apart at Beltsville, 
Maryland, have yielded at the rate of 9,000 pounds of bulbs per acre. 
With more intensive cultural practices this yield has been more than 
doubled. For example, a bed 116 feet long and 5 feel wide planted 
with bulb scales yielded 585 lb of bulbs. Additional information con¬ 
cerning the production of Easter lily bulbs is given by Emsweller and 
Brierley (1942). 

’Journal Paper No. J-1138 of the Iowa Agricultural Experiment Station, Ames, Iowa. Project 
426. Supported in part by a grant from the Corn Industries Research Foundation. 

s Physiologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of Agriculture, Beltsville, Maryland. 

* Research Associate, Plant Chemistry Subsection, Iowa Agricultural Experiment Station, Ames 
Iowa. 
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Since Easter lilies are forced throughout the year, it is necessary to 
hold the bulbs in cold storage for varying lengths of time. Studies in 
progress at the Bureau of Plant Industry Station show that cool 
storage of the bulbs results in prompt hydrolysis of a portion of the 
starch to sucrose and reducing sugars. A storage period of one week 
at a temperature of 10°C increased the total sugar content of the bulb 
scales from 2.8% to 7.2% of the total solids. The starch used in the 
present study was obtained within a month after the bulbs were 
harvested and prior to any cold storage treatment. 

Preparation of the Starch 

The milling of the bulbs was carried out in a small scale laboratory 
unit (Hixon and Sprague, 1942) by a procedure similar to that used 


OtO 


' # , % 

• - V Ct, 

A- ® J|®Cr Q2- 


Scale m millimeters. 


% 1 
4 ^ 


Fig 1 Lily bulb starch, weakly stained with iodine 


commercially for milling potatoes (Radley, 1940). The bulbs, from 
which the roots had been removed, were pulled apart and passed with 
water through a small Buhr mill until the greater portion of the starch 
could be freed from the accompanying fiber by sieving and screening. 
The total fiber, along with some starch which was retained in it, 
amounted to about 2% by weight of the original bulbs. After running 
through jigger screens, the starch suspension was passed into a basket 
centrifuge revolving at a speed such that most of the proteinaceous 
impurities stayed in the overflow water. The centrifuged solids were 
mixed with fresh water and, upon settling, the remaining protein 
formed a clear-cut, dark layer on top of the starch from which it could 
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be washed off. Finally the starch was filtered on a Buchner funnel and 
the resulting white cake dried in a stream of warm air at 40°C. In 
three separate milling runs starting with 20, SO, and 60 lb of bulbs, 
there were obtained 2.5, S, and 6 lb of starch, respectively, a yield of 
10% to 12% based on the green weight of bulbs. The starch had a 
nitrogen content of 0.028%. When the starch was hydrolyzed with 



Fig. 2. Effect of tempeiatuie on swelling of four starches as shown by volume of granules. 


boiling 5JV hydrochloric acid and the insoluble residue ignited, 0.17% 
ash remained. This was made up'chiefly of silica. 

Properties of the Starch 

As may be seen from Figure 1, the granules are not uniform in size, 
ranging from about 20 X 20 microns to 50 X 70 microns, the average 
being 25 X 45 microns. The color with iodine is a clearer, purer blue 
than that given by corn or potato starches. The larger granules begin 
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to swell at 54° to 55°C. At 60°, slightly over half of them are swelling, 
but a temperature of about 64° is required before all the smaller 
granules swell as observed microscopically. The unswollen starch has 
an X-ray pattern closely resembling that of potato starch. 

The curves in Figure 2 show the relative increase in volume of the 
granules as temperature increases for lily, potato, corn, and waxy com 
starches. The data were obtained by suspending one gram of starch 
in 100 ml of water, heating 30 minutes at the desired temperature, 
cooling, and centrifuging in graduated tubes. 


Volume of granules (%) = 


Volume of centrifuged granule s X 100 
Total volume of suspension 


Lily starch resembles corn starch rather than tapioca or potato in 
the opaque appearance and “toughness” of its pastes and the manner 
in which their consistency varies with temperature. Viscosities were 
determined on 3% pastes at 85° and 90°C by the capillary method 
(Brimhall and Hixon, 1942) under 13 cm pressure. The higher temper¬ 
ature results in a lower viscosity for the tapioca paste: 


Starch 

85° C 

Viscosity (Centipoisea) 

90° C 

Tapioca 

88 

62 

Lily 

16 

22 

Corn 

2 

7 

Lily starch has a higher rigidity (Brimhall and Hixon, 1939) or gelling 

tendency than does corn starch: 



. Temperature of 


Rigidity at 25° C 

preparing the paste 


(dynes per sq. cm. X 10 _1 ) 

4.5% pastes 


Lily 

Com 

85° C 

41 

6 

90 

192 

96 

95 

264 

144 

99 

280 

150 


In contrast, the rigidity of potato and tapioca starches reaches a 
maximum at about 70°C and decreases rapidly as temperature of pre¬ 
paring the paste increases. The pastes of lily starch are claimed by 
some observers to have an odor resembling that of the bulbs themselves, 
but this can probably be removed by proper treatment. 

Using the potentiometric iodine titration method (Bates, French, 
and Rundle, 1943) lily starch was found to have the largest proportion 
of unbranched molecules (30 to 34%) of any native starch so far ex- 
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amined, a factor probably responsible for the deeper blue iodine color 
mentioned above. Potato starch contains only 21% of this component 
and defatted cornstarch, about 27% (Schoch, 1943). 

The fractionation of lily starch by the butanol method (Schoch, 
1942) proceeds smoothly and preliminary defatting of the sample is 
unnecessary since less than 0.1% of fatty acids is present. The 
butanol-nonprecipitated fraction, consisting chiefly of branched mole¬ 
cules (amylopectin), could be 62% converted to maltose by soybean 
0-amylase as compared to 55 to 58% conversion of tapioca, potato, and 
corn starch amylopectins under identical experimental conditions. 
When a 1 or 2% solution of lily amylopectin was frozen and then 
allowed to thaw at room temperature, it assumed the spongy, fibrous 
texture characteristic of retrograded starch, a phenomenon not ex¬ 
hibited by potato or tapioca amylopectins. These results might be 
explained by assuming longer branches on the lily amylopectin 
molecules. 

As the knowledge of various starch types is extended, it becomes 
apparent that the terms “cereal" and “tuber" are significant only in 
indicating the source; they allow no inferences as to the properties of 
the starch. 


Summary 

At the present time domestic production of bulbs of the Easter lily, 
Lilium longifiorum Thunb., is being successfully expanded. A high 
quality starch is easily isolated from the bulbs. It resembles potato 
starch in granule size, gelatinization temperature, and X-ray pattern, 
but the properties of its pastes—appearance, consistency, and variation 
with temperature—are more nearly like those of corn starch. 
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THE EFFECT OF DIFFERENT OPERATORS ON THE 
EVALUATION OF MIXOGRAMS 1 

R. H. Harris 

North Dakota Agricultural Experiment Station, Fargo, N. Dak. 

(Received for publication September 12. 1943) 


The value of the mixograph as a supplementary device in the testing 
of wheat varieties for quality is becoming generally recognized. 
Quantitative mixogram measurements recently made at the North 
Dakota Agricultural Experiment Station showed very significant differ¬ 
ences in dough development stage and range of stability between hard 
red spring wheat varieties and also between the stations at which the 
varieties were grown. Johnson, Swanson, and Bayfield (1943) also 
discussed relations between mixogram measurements and their utility 
in the estimation of wheat quality. No tests apparently have been 
made of the possibility of obtaining reasonable agreement between 
curves secured by different oj>erators. 

In this laboratory it has been found convenient to discuss mixo- 
grams in terms of measurements of certain of their dimensions. In 
the past it has been the practice to have all measurements for any one 
investigation made by the same operator, but this is not a convenient 
procedure in large investigations. Accordingly, it seemed advisable 
to undertake a study of the agreement between curve measurements 
made by independent operators. The results are reported in this 
paper. 

Procedure 

Ten samples of straight grade flour of approximately 70% extrac¬ 
tion experimentally milled from hard red spring vdieat varieties 
grown in comparable plots in 1942 were used in this experiment. 

1 Pubttthed with the Approval of the Director of the Experiment Statiou 



740 OPERATOR DIFFERENCES IN EVALUATING MIXOGRAMS V«t. JO 


The wheats from which the flours were milled were sound. The 
flours were diluted with experimentally prepared wheat starch to a 
common protein level of 12.0% (13.5% moisture basis). The mixo- 
gram curves were made with 25 g of flour (13.5% moisture basis) and 
the required quantity of distilled water to correspond to the absorption 
used in baking. The mixer was operated from 8 to 10 minutes, de¬ 
pending upon the variety under test. 



Fig t. Representation oi the method used in securing the mixogram property measurements 
Upper curve was made fr >m a flour with long mixing requirement* and range of dough stability flower 
curve was from a flour having an exceptionally short dough development stage and poor dough ft ability 


Figure 1 shows the method followed in measuring the mixograms. 
A point is located at the center of the curve and at its greatest height. 
A vertical line is dropped through this point to the base line; and 
another line is drawn through the point parallel to the base. The 
measurements taken from the mixogram (in cm), and the names 
given them, are self evident from the figure. 

The measurements were carried out in duplicate by three persons 
Two of the operators were experienced in judging hard red spring wheat 
mixer curves, while the third was without previous experience but had 
been given sufficient instruction to become familiar with the evaluation 
of curve properties. Each operator carried out his share of the work 
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independently, including the mixing and estimation and measurement 
of curve dimensions. The samples were designated by number and the 
absorptions used were those determined when baking the flours. No 
comparisons of results were permitted and no instruction was given to 
any worker during the course of the work. 

Differences in curve properties due to variations in protein content 
were eliminated by using flours at a uniform protein content, as is the 

TABLE I 


Average Estimation of Dough Development, Dough Stability, and Curve 
Height, by Three Operators 


Property 

Sample No. 


Operators 

Mean 

A 

B 

c 



cm 

cm 

cm 

cm 

Dough development 

1 

10.S 1 

11.8 

12.2 

11.5 

2 

10.2 

11.4 

12.4 

11.3 


3 

8.2 

8.7 

9.2 

8.7 


4 

5.4 

5.8 

6.8 

6.0 


5 

56 

5.6 

6.2 

5.8 


6 

5.1 

5.8 

6.1 

5.7 


7 

5 2 

5.4 

5.7 

5.4 


8 

5.1 

5.2 

5.2 

5.2 


9 , 

4.4 

4.2 

4.2 

4.3 


10 i 

2.6 

3.4 

3.9 

3.3 

Mean 

Standard deviation j 

! 

6.2 

2.315 

i 

6 7 

2.785 

7.2 

2.919 

6.7 

Dough stability 

1 

6.0 

5.4 

8.2 

6.5 

2 

6.4 

5.6 

6.8 

6.3 


3 

i 6.3 

5.5 

3.9 

5.2 


4 

; 4.o 

5.0 

5 0 

4.7 


7 

U. 

5.0 

4.6 

4.3 


5 | 

4.6 

4.6 

3.6 

4.3 


8 

4.0 

! 4.3 

4.5 

4.3 


9 

3.0 

I 3.3 

3.9 

3.4 


6 

3.0 

| 3.8 

t 3.0 

3.3 


10 

3.0 

! 3.4 

3.4 

3.3 

Mean 

Standard deviation 


4.4 

1.446 

4.6 

0.887 

4.7 

1.576 

46 

Curve height 

5 

7.8 

7.6 

7.4 

7.6 

3 

7.7 

7.8 

7.2 

’ 6 


9 

7.6 

7.6 

7.4 

7.5 


10 

8.1 

7.0 

7.0 

7.4 


1 

7.8 

7.2 

7.0 

7.3 


6 

8.1 

6.9 

6.8 

7.3 


7 

7.2 

7.2 

6.7 

7.0 


4 

7.8 

6.9 

6.3 

7.0 


3 

7.4 

6.8 

6.8 

7.0 


2 

7.4 

6.6 

6.2 

6.7 

Mean 

Standard deviation 


7.7 

0.327 

7.2 

0.413 

6.9 

0.406 

7.3 
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usual practice in this laboratory. Duplicate measurements provided 
an estimate of the experimental error for each operator, while the use 
of three operators decidedly strengthened the conclusions derived 
from the comparisons. 


Results and Discussion 

In Table I are shown the average results obtained by the three 
operators on the 10 flours with means and standard deviations. The 
duplicate readings of each operator were in much better agreement 
than the results between operators. The samples are arranged in the 
top section in decreasing order of dough development, while in the 
second and third sections decreasing orders in respect to stability and 
curve height have been followed. This arrangement renders it 
possible to see very easily whether any correlation exists between the 
three curve properties. A positive relation is apparent between dough 
development and dough stability, as found by Harris, Sibbitt, and 
Elledge (1943). The means increase in value from A to C for dough 
development and stability, but decrease in the same order for curve 
height. Operator C tended to have more variability in results for 
dough development and stability. 

An analysis of the data was made to determine the significance of 
the differences between samples and operators. The results are 
shown in Table II. The significance of the variances due to samples 


TABLE II 

Analyses ok Variance 



Degrees of 
freedom 


Variances 


Cause of variance 

Dough 

Dough 

stability 

Curve 



development 

height 

Samples 

9 

47.00tt 

7.97 ft 

0.55 

Operators 

2 

3.75tt 

0.46 

3.38** 

Samples X operators 
Duplicates 

18 

0.33** 

1.26** 

0,15 

30 

0.13 

0.43 

0.40 


tt Significantly greater than the mean square due to samples X operators. 
** Significantly greater than the mean square due to duplicates. 

Double signs denote that the significance exceeds the \% level. 


and operators was found by comparison with the variance for the 
interaction between samples X operators, while the latter variance 
was tested for significance by comparison with the duplicate variance. 
It is apparent that the differences in dough development stage and 
range of stability among samples was much greater than among 
operators; in fact for stability the operator differences were non¬ 
significant. In curve height, the operators failed to obtain significant 
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differentiation among samples, but differed significantly among 
tljwtmselves. There is little doubt that these results would have been 
reversed if flours at the original protein content had been used, as the 
uniform protein level tended to obviate differences in curve height. 
There were very significant interactions between samples and operators 
for dough development and stability, but none for curve height. 
That is, the individual operators did not estimate dough development 
and stability in exactly the same manner for the different flours. 

Correlation coefficients between the data obtained by the three 
operators are shown in Table III. It is evident that little difference 

TABLE III 

CORRFLATION COEFFICIENTS FOR OPERATOR COMPARISON DATA 
(Value of r xy at 5% point = 0.482) 


Measurement 

Operators 

C orrelation coefficient 

i lough development stage 

A X B 

+ 0.985 

A X C 

4- 0.979 


B X C 

+ 0.990 

Dough stabiliu 

A X B 

+ 0.644 

A X C 

+ 0.590 


B X C 

+ 0.605 

Curve height 

\ X B 

+ 0.183 

A X C 

+ 0.232 


B X C 

+ 0.757 

exists among operators in their ability to estimate dough development 


stage. The correlations for range of dough stability are rather low, 
though they are significant, and it is evident that the readings obtained 
by one operator will not allow for the prediction of the values secured 
by another worker with great accuracy. For curve height the only 
significant coefficient is that between operators B and C. 

In making comparisons between different mixographs it would be 
necessary to standardize the machines very carefully before under¬ 
taking comparative varietal evaluations. There is little doubt that 
differences between mixers might ver> easily introduce much larger 
errors than w'ould be due to the variability among operators. It 
would have been interesting to investigate this point following the 
conclusion of the w'ork reported, but no additional equipment was 
available for making such a study. Operators without extensive 
experience can apparently successfully evaluate mixogram properties 
by the method employed in this experiment. The results confirm 
the general opinion of cereal technologists that distinct varietal 
differences in these properties exist among wheat varieties. 
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Summary 

A comparative study was made of the estimation of dough de¬ 
velopment, dough stability, and curve height of mixograms by three 
operators employing 10 hard red spring wheat flours adjusted to 
a uniform protein level of 12.0% by dilution with wheat starch. 
The mixogram measurements were made independently in duplicate 
by each operator. 

Significant differences between operators were found for dough 
development and curve height, but not for dough stability. There 
were significant interactions between varieties and operators for dough 
development and stability, but not for curve height. 

The results obtained by different pairs of operators for dough 
development were highly correlated. The corresponding correlations 
were lower for dough stability, while no significant correlation was 
found in two of the comparisons between operators and curve height. 

Differences in curve properties among samples were very much 
greater than operator effects, except for curve height. If flours at 
the original protein content had been used there would, no doubt, 
have been significant differences for curve height among the samples. 
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The Chemistry of Large Molecules (Frontiers in Chemistry, VoL I.) Edited by 

R. E. Burk and Oliver Grummitt. 313 pages, fnterscience Publishers, Inc., 

New York, N. Y. 1943. Price $3.50. 

The following quotations from the preface will make clear the admirable plan 
of the Frontiers m Chemistry. 4 ‘The burdens of keeping abreast with the forward 
movement of science must be felt even by the brightest minds and the most energetic 
souls in that profession. This problem presents itself with particular force to Uni¬ 
versities who seek to train graduate students to be well-informed research workers. M 
. . . “The problem of keeping abreast of science is also an important one to industrial 
research departments and to the individuals therein. There is a great tendency for 
the individual industrial research man to uork in a rather narrow practical field.” 
. . . “To meet these difficulties, Western Reserve University conceived the idea of 
inviting distinguished scientists in the Field of chemistry and closely related fields 
to be professors for a day. Each of these men presents two lectures. This gives 
him an opportunity to present a substantial view of his work. The lecturers who 
follow present somewhat different, though definitely related fields, so that at the 
end of a series one has what is, after all, a connected course of lectures, but one in 
which each lecture is given by a real expert.” 

Volume I is devoted to The Chemistry of Large Molecules. There are eight 
chapters dealing with the following topics: 

(!) The Mechanism of Polyreactions. By H./ Mark, Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y* 

(2) The Investigation of High Polymers with X-Rays. By H. Mark. 
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(3) The Colloidal Behavior of Organic Macromolecular Materials. By Elmer 

0. Kraemer, Biochemical Research Foundation of the Franklin Institute. 

Newark, Del. 

(4) The Ultracentrifuge and its Application to the Study of Organic Macro- 

molecules. Bv Elmer O. Kraemer. 

(5) Elastic-Viscous Properties of Matter. By Arthur Tobolsky, Richard E. 

Powell, and Henry Eyring, Princeton University, Princeton, N. J. 

(6) The Electrical Properties of High Polymers. By Raymond M. Fuoss, 

General Electric Co., Schenectady, N. Y. ‘ ‘ 

(7) Organic Chemistry of Vinyl Polymers. By C. S. Marvel, University of 

Illinois, Urbana, Ill. 

(8) Chemistry of Cellulose and Cellulose Derivatives. By Emil Ott, Hercules 

Powder Co., Wilmington, Del. 

These titles are sufficiently descriptive to indicate the content of these chapters and 
the list of collaborators in this undertaking shows that the editors have been eminently 
successful in achieving their aim of having each lecture given by a real expert. 
Volume I of Frontiers tn Chemistry sets a high standard, and the collaborators, 
editors, and publishers are to be congratulated. 

Walter M. Lauer, 

University of Minnesota, 

Minneapolis, Minn. 

The Microscope and its Use. By Frank J. Munoz and Harry A. Charipper. xii 

and 334 pp. Chemical Publishing Co., Inc., Brooklyn, N. Y. 1943. Price 

$2.50. 

Here is a brief book on the construction and use of the microscope which covers 
a number of specialties as well as the principles. The chapters include the Evolution 
of the Microscope, the Modern Microscope, Illumination, the Microtome, Use and 
Care of the Microscope, the Stereoscopic Microscope, the Metallurgical Microscope, 
the Polarizing Microscope, Accessories for Use with the Microscope, and Common 
Errors in the Use of the Microscope. It apparently is a translation and an expansion 
of an earlier book b> one of the authors —El Microscopio y su Uso. 

Unfortunatelv not all the qualities indicated in the preface (p. iii) as desirable 
for “such a guide *’ are satisfactorily achieved. In spite of the statement that “such 
a guide should l>e written ... in very clear, non-technical language . . the book 
abounds in awkward constructions such as, “To get real critical illumination . . . 
we would have to focus with our condenser our light source on the object at the 
same time that the object is in focus” (p. 63); and orphan expressions posing as 
sentences, “No hesitation once the section has been begun” (p. 104); or, “. . . 
illumination follows a square law in relation to distance” (p. 277). Colloquialisms 
flavor the book, for instance, “. . . it is O.K.” (p. 109);or“. . . when the 4 match 1 
is made, it is sometimes blown up some when making the photomicrograph . . 

(p. 197). It can be agreed, however, that it is “non-technical.” 

The book leaves one with the impression that much of the material is to be 
found in the trade literature, although occasional shrewd and helpful comments 
may be ferreted out. Free use has been made of cuts provided by the various 
manufacturers of microscopes and accessories. 

An exception to the curious style pervading the book is to be found in the 40 
pages devoted to the polarizing microscope. Mr. William F. Butler, according to 
the Acknowledgment (p. viii), “contributed greatly to the content and structure” 
of this chapter* Within the limited space available there has been presented an 
excellent elementary treatment. For special applications and details of theory, 
however, the user of the polarizing microscope will continue to refer to the standard 
works. 

The food analyst will find little detailed information of use, although if he cares 
to encounter the turgid style of the book he may discover an occasional useful hint 
concerning the practice of microscopy. , 

The book would have been useful to the beginner in microscopy, if it had been 
carefully organized and if it had been written in acceptable English. 

E. C. Abbe, 

University of Minnesota, 

Minneapolis, Minn. 
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Cake Flour: Collaborative report on 
testing methods (Armstrong) . .. 602 

Collaborative report on testing meth¬ 
ods (Montzheimer) ... 311 

Collaborative report on tests with 
baking-powder adjustment for alti¬ 
tude (Haan) . .. . . 598 

Canadian Wheat, see Wheat, Canadian 
Cereals and Cereal Products: Bromine 
residues m methyl bromide fumigation 
(Young, Carter, and Soloway) .. . 572 

Cereals and Cereal Products—Analysis: 
Collaborative study on iron (Sullivan) 36 
Collaborativo study on iron (Howe) 604 
Collaborative study on riboflavin 


assay (Andrew’s) 3, 613 

Collaborative study on thiamine assay 

(Skovholt) . . .607 

Experimental error of the thiochrome 
thiamine assay method (Hildebrand 
and Geddes) . . ... 714 

Nomograph for conversions (Leary 
and Farley) .... .139 

Oxidizing agents in removal of inter¬ 
fering compounds in nicotinic acid 
assays (Brown, Thomas, and Burn).. 201 
Preparation and decolorization for • 
nicotinic acid assay (Hausman, Ros- 

ner, and Cannon).82 

Collaborative Studies: Amylase activity 

(Dickson). 31 

Biscuit and cracker flour testing (Han¬ 
son) .314, 595 

Cake flour testing (Armstrong).... 602 
Cake flour testing (Montzheimer).. . 311 
Cake flour testing with baking-pow¬ 
der adjustment for altitude (Haan).. 598 
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Collaborative Studies (Continued): 

Iron in cereal products (Howe)... . 604 

Iron in cereal products (Sullivan)... 36 

Riboflavin assays (Andrews)... . 3, 613 

Thiamine assays (Skovholt).607 


Compresslmeter, Baker, see Baker com- 
pressimeter 


Corn: Composition of hybrid and open- 
pollinated in relation to soil, season, 
and degree of maturity (Doty, Berg- 

doll, and Miles).113 

Reduction of fermentable carbohy¬ 
drate content by kiln drying (Adams, 
Stark, and Kolachov).... ... 260 

Corn Starch, see Starch, Corn 
Cracker Floor: Collaborative report on 
testing (Hanson).314, 595 

Decolorization: Of cereal extracts for 
nicotinic acid assay (Hausman, Ros- 

ner, and Cannon). 82 

Defatting: Corn starch (Kerr)... .299 

Diastases: Activity in Brabender and 
commercial milled flours (Bottomley) 669 
Dough: Effect of gluten on mixogram 
patterns (Swanson and Andrews) . . 61 

Fermentation of maltose and lactose 

(Browne) . 730 

Fermentation rate determination 

(Landis and Frey).368 

Gas recording apparatus (Miller, 
Edgar, and Whiteside). 355 


Glutathione and wheat germ action in 
relation to proteolytic enzymes (Elion) 234 
Measurement and significance of glu¬ 
ten quality (Baker, Mize, and Parker) 506 
pH of chemically leavened (McKim 

and Moss) . .250 

pH value with glass electrode (Lan- 

ning).280 

Protease activity, reducing matter and 
oxidising effects (Freilich and Frey) 301 
Relation of proteolysis to oxidation 
and reduction (Sandstedt and Fort- 


mann) . 517 

Dried Milk, see Milk, Dried 
Durum Wheat, see Wheat, Durum 

Easter Lily Bulbs: Starch from (Stuart 

and Brimhall).734 

Egg Whites: Angel food cake from fresh 
and frosen (Miller and Vail).528 


Enzymes, see Amylases, Proteases, Pro- 
temases 

Ethanol, see Ethyl alcohol 
Ethyl Alcohol: Effect of kiln drying on 
corn (Adams, Stark, and Kolachov) . 260 
Efficiency of production from starch 

_1_A_A-_ //-'ll_‘A_\ A TO 


+ substrates (Christensen). 478 

^ Ethylene: Effect on high moisture wheat 
(Hale, Schwimmer, and Bayfield) .. 224 

Fats: Extraction from corn starch (Kerr) 299 
Fermentation: Determination of rates in 

dough (Landis and Frey). 368 

Effect of kiln drying on corn (Adams, 

Stark, and Kolachov). 260 

Ethanol production from starchy sub¬ 
strates (Christensen). 478 

Gas recording apparatus (Miller, 

Edgar, and Whiteside). 355 

Of maltose and lactose in doughs 
(Brotane). 730 


Flaxseed: Death by asphyxiation in a 

grain bin (Lillevik and Geddes). 318 

Flour: Comparison of Brabender and 
commercial milled (Bottomley)...... 669 

Effect of temperature and humidity on 
yields and properties (Bayfield, Ander¬ 
son, Geddes, and Hildebrand). 149 

Fractionating and reconstituting tech¬ 
niques (Finney).381 

Micro and Allis-Chalmers milled com¬ 
pared (Sibbitt, Scott, and Harris) . 679 

Pentosans (Baker, Parker, and Mice). 267 
Prediction of loaf volume of hard red 
spring from mixograms (Harris, Sib¬ 
bitt, and Banasik).211 

Flour—Analysis: Manganese content 
(Hoffman, Schweitser, and Dalby)... 328 
Rapid method for thiamme (Hoffer, 

Alcock, and Geddes).717 

Selenium distribution (Moxon, Olson, 
Whitehead, Hilmoe, and White).... 376 

Flour, Biscuit, see Biscuit flour 
Flour, Cake, see Cake flour 
Flour, Cracker, see Cracker flour 
Fractionation: In wheat flour research 

(Finney).381 

Fumigation: Methyl bromide of cereal 
products and bromine residues 
(Young. Carter, and Soloway).572 


Gas Production in Dough: Brabender 
and commercial milled flours (Bottom- 

ley).669 

Fermentation rate determination 

(Landis and Frey). 368 

Gas Recording Apparatus: Automatic 

(Miller, Edgar, and Whiteside).355 

Glass Electrode: Use in bread dough pH 

determination (Lanning).280 

Glutathione: Action on dough in relation 

to proteolytic enzymes (Elion).234 

Gluten: Baking strength of concentrates 

(Aitken and Anderson). 79 

Effect of gluten proteinase in stability 
toward reducing agents (Olcott, Sapir- 

stein, and Blish).87 

Effect on mixogram patterns (Swan¬ 
son and Andrews). 61 

Quality measurement and significance 

(Baker, Mize, and Parker). 506 

Gortner, R. A., Memorial to (Bailey) 1 


Humidity: Effect on flour yields and 
properties (Bayfield, Anderson, Ged¬ 


des, and Hildebrand).149 

Hydrogen Ion Concentration: Of bread 
dough with glass electrode (Lanning). 280 
Of chemically leavened products (Mc¬ 
Kim and Moss).250 


Indian Meal Moth, see Moth, Indian 
meal 

Iron—Analysis: Collaborative study in 

cereal products (Howe).604 

Collaborative study in cereal products 
(Sullivan). 36 

Kiln Drying: Reduction of fermentable 
carbohydrate content of corn (Adams, 
Stark, and Kolachov). 260 

Lactose: Fermentation in dough 
(Browne)... 730 
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Lard Pastry Wafers: Effect of variables 

on breaking strength (Swartz).121 

Leavening Agents: Effect on pH (Mc- 

Kim and Moss).250 

Lily Bulbs, see Easter lily bulbs 
Loaf Volume: Effect of dried milk frac¬ 
tions (Harland, Ashworth, and Gold¬ 
ing) . 535 

Prediction from mixograms (Harris, 
Sibbitt, and Banasik). 211 


Macaroni: Color rank of durum wheats 

(Hetherington and Smith).345 

Effect of sprout damage on quality 

(Harris, Smith, and Sibbitt).333 

Malt: Inactivation of amylase in aque¬ 
ous extracts (Olson, Burkhart, and 

Dickson). 126 

Statistical methods in quality evalua¬ 
tion (Torrie and Dickson). 579 

Malt Amylase, see Amylases, Malt 
Maltose: Fermentation in dough 

(Browne). 730 

Manganese: In bread and wheat prod¬ 
ucts (Hoffman, Schweitzer, and Dal- 

by). 328 

Memorial: R. A. Gortner (Bailey). . 1 

Methyl Bromide: Bromine residues in 
fumigation of cereal products (Young, 

Carter, and Soloway). 572 

Milk, Dried: Effect of several milk frac¬ 
tions on loaf volume (Harland, Ash¬ 
worth, and Golding). 535 

Milling: Comparison of Brabender and 
commercial milled flours (Bottomley) 669 
Comparison of flours from micro and 
Alhs-Ohalmers mills (Sibbitt, Scott, 

and Harris) . 679 

Influence of method on vitamin B con¬ 
tent of rice (Kik and Van Landmg- 

ham). ... 569 

Small samples of wheat (McCluggage) 185 

Vitamin B recovery in wheat (Jack- 
son, Doherty, and Malone). 551 

Minerals—Analysis: Bakers* cakes and 
pies (Melnick, Oser, and Himes) .... 661 
Minnesota Wheat, Bee Wheat, Minne¬ 
sota 

Mixograms: Correlation with baking re¬ 
sults (Johnson, Swanson, and Bay- 

field) . 625 

. Description (Swanson and Johnson). 39 

Effect of gluten on patterns (Swanson 

and Andrews). 61 

Evaluation (Harris). 739 

For prediction of loaf volumes (Harris, 

Sibbitt, and Banasik). ... 211 

Moisture: Effect of ethylene treatment 
on high moisture wheat (Hale, 

Schwimmer, and Bayfield).224 

Effect of light rains during harvest on 

wheat (Swanson). 703 

Effect of wetting during harvest on 

wheat (Swanson). 43 

Effect of wetting treatments on wheat 
(Swanson). 286 


Of soybean seed (Beckel and Cartter) 362 
Moth, Indian Meal: Damage to wheat 
(Aitken). 700 


Nicotinic Acid Assays: Oxidizing agents 
in removal of interfering compounds 
(Brown, Thomas, and Bma).201 


Nicotinic Acid Assays ( Continued ): 
Preparation and discoloration of cereal 
extracts (Hausman, Rosner, and Can¬ 
non) . 82 

Nomographs: For cereal laboratories 

(Leary and Farley).139 

Nutritive Values: White and whole 
wheat bread (Light and Frey).645 


Oxidation: Characteristics in relation to 
proteolysis in doughs (Sandstedt and 

Fortmann). 517 

Oxidizing Agents: Relation to protease 
activity and reducing matter in dough 

(Freilich and Frey).301 

Use in removal of interfering com¬ 
pounds in nicotinic acid assays 
(Brown, Thomas, and Bina). 201 


Pastes, Alimentary, see Alimentary 
pastes 

Pastry Wafers, see Lard pastry wafers 
Pearling Tests: Kernel hardness (Mc¬ 
Cluggage).686 

Pentosans: Of wheat flour (Baker, 

Parker, and Mize) .267 

pH, see Hydrogen ion concentration 
Pie: Vitamin and mineral content (Mel¬ 
nick, Oser, and Himes).661 

Protein: Wheat germ, Nutritive value 

(Hove and Harrel) .. 141 

Proteases: Relation to action of gluta¬ 
thione and wheat germ on dough 

(Elion) . 234 

Relation to reducing matter and oxi¬ 
dizing effects in dough (Freilich and 

Frey) 301 

Proteinases: Effect of gluten stability 
toward reducing agents (Olcott, Sapir- 

stein, and Blish) 87 

Proteolysis: Relation of oxidation and 
reduction in doughs (Sandstedt and 

Fortmann). . . .517 

Proteolytic Enzymes, see Proteases 


Rain: Effect on wheat during harvest 

(Swanson) .703 

Reconstitution: In wheat flour research 

(Finney). 381 

Reducing Agents: Relation to protease 
activity and oxidizing effects in dough 

(Freilich and Frey).301 

Reduction: Characteristics m relation to 
proteolysis m doughs (Sandstedt and 

Fortmann). .. 517 

Relative Humidity, see Humidity 
Riboflavin Assays: Collaborative study 

on methods (Andrews).3, 613 

Rice milling products and varieties 

(Kik and Van Landingham).563 

Rice: Influence of processing on wtamin 
B content (Kik and Van Landingham) 569 
Riboflavin in milling products and 
thiamine and riboflavin in varieties 

(Kik and Van Landingham).563 

Thiamine in milling products (Kik).. 103 
Vitamin B factors in whole and milled 
products (Williams, Knox, and Fieger) 560 

Selenium: Distribution in milled wheats 
(Moxon, Olson, Whitehead, Hilmoe, 

and White).376 

Semolina: Effect of sprout damage on 
quality (Harris, Smith, and Sibbitt).. 333 
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Soybean Amylases, see Amylases, Soy- 


Soybeans: Effect of variety and environ¬ 
ment on moisture (Bee Wand Cartter) 362 
Sprout Damage; Effect on quality of 
durum wheat, semolina and macaroni 

(Harris, Smith, and Sibbitt).333 

Starch i From Easter lily bulbs (Stuart 

and Brimhall).734 

Production of ethanol from starchy 

substrates (Christensen) .478 

Starchi Corn: Defatting (Kerr).299 

Reduction of fermentable carbohy¬ 
drates of com by kiln drying (Adams, 

Stark, and Kolachov). 260 

Statistical Methods: In quality evalua¬ 
tion of barley and malt data (Torrie 
and Dickson). .... 679 


Temperature: Effect on flour yields and 
properties (Bayfield, Anderson, Ged¬ 
das, and Hildebrand).149 

Test Baking, see Baking 

Thiamine: Loss in toasting bread 

(Downs and Meckel).352 

Thiamine Assays: Canadian hard red 
spring wheat varieties (Whiteside and 

Jackson). 542 

Collaborative study on methods 

(Skovholt). . . 607 

Experimental error of thiochrome 
method (Hildebrand and Geddes) .. 714 
Rapid method in wheat and flour 
(Hoffer, Alcock, and Geddes) .... 717 

Rice milling products (Kik) ... 103 

Rice varieties (Kik ana Van Landing- 

ham) . 563 

Toasted Bread, see Bread, Toasted 


Vitamin Assays: Bakers’ cakes and pies 
(Melnick. Qser, and Himes). ... 661 

Vitamin B Complex: influence of process¬ 
ing on content of rice (Kik and Van 

Landingham). 569 

Recovery ip wheat milling (Jackson, 

Doherty, and Malone). 551 

Vitamin B Complex Assays: 1941 malted 
and unmalted barley and wheat 
(Davis, Laufer, and Saletan) . .109 
Rice and its milled products (Wil¬ 
liams, Knox, and Fieger). . 560 

Vitamin Bi, see Thiamine 
Vitamin B?, see Riboflavin 


Wafers, Lard Pastry, see Lard pastry 
wafers 

Wetting: Effect of degree, duration and 
number of treatments (Swanson).... 286 
Effect of light rains during harvest on 
* v wheat (Swanson). 703 


Effect on wheat during harvest (Swan¬ 
son) . 

Wheat: Damage by Indian meal moth 

(Aitken). 1 

Effect of ethylene treatment on high 
moisture (Hale, Schwimmer, and Bay- 


moisture (Hale, Schwimmer, and Bay- 

field) . 

Effect of light rains during harvest 


Effect of maturity on quality of hard 
red spring and durum (Harris, Hel- 

geson, ana Sibbitt)... 447 

Effect of wetting during harvest 

Effect of wetting treatments (Swan¬ 
son).286 

Micro milling and baking (McClug- 

f age).185 

’earling test for kernel hardness (Mc- 

Cluggage) .686 

Stability and separation of malt amy¬ 
lases (Kneen, Sandstedt, and Hollen¬ 
beck).399 

Vitamin B recovery in milling (Jack- 

son, Doherty, and Malone).551 

Wheat—Analysis: Manganese content 
(Hoffman, Schweitser, and Dalby)... 328 
Rapid method for thiamine (Hoffer, 

Alcock, and Geddes). .. 717 

Selenium distribution (Moxon, Olson, 
Whitehead, Hilmoe. and White). . 376 

Thiamine content of Canadian hard 
red spring (Whiteside and Jackson).. 542 
Vitamin B in 1941 malted and un¬ 
malted barley and wheat (Davis, 

Laufer, and Saletan).109 

Wheat, Canadian: Thiamine content of 
hard red spring (Whiteside and Jack- 

son) .542 

Wheat, Durum: Constancy of rank in 
macaroni color (Hetherington and 

Smith). 345 

Effect of maturity on quality (Harris, 

Helgeson, and Sibbitt). 447 

Effect of sprout damage on quality 
(Harris, Smith, and Sibbitt) 333 

Wheat, Minnesota: Baking properties 

(Merritt and Geddes). 98 

Wheat Flour, see Flour 
Wheat Germ: Action on dough in rela¬ 
tion to proteolytic ensymes (Elion). . 234 
Composition (Grewe and LeClero) ... 423 
In bread making (Grewe and LeClerc) 434 
Nutritive value of protein (Hove and 

Harrel).141 

Wheat Gluten, see Gluten 


Yeatt: Variability in wheat variety test 
baking (Finney and Barmore). 194 
































INDIAN AORHjtlK 




NEW DELHI. 

This publication is to be returned within 15 days 
from the date of issue. 





MGIPC—S3r-®0 AR/57—20-2-58—4,000, 







